Holistic analysis of proposed 5 megawatt  solar farm in Hawaii. by Summers, Brandon James
Brandon Summers 
MASTERS IN SUSTAINABILITY 
MASTERS THESIS FALL 2014 
UNIVERSITAT POLITECNICA DE CATALUNYA 
HOLISTIC ANALYSIS OF 
PROPOSED 5 MEGAWATT 
SOLAR FARM IN HAWAII 
 
  
  
Contents        
Acknowledgements       
List of Figures        
List of Tables        
Abstract of Master’s Thesis      
1.     Chapter 1. Introduction     1 
1.1. The Reason       1 
1.2. The Problem      2 
1.3. Scope       4 
1.4. Objective of the Study     5 
1.5. Research Questions     5 
1.6. Significance       6 
1.7. Definitions       6 
1.8. Limitations      7 
1.9. Delimitations       8 
2.     Chapter 2. Methodology     9 
2.1. System design       9 
2.2. Construction planning      9 
2.3. Life cycle analysis      10 
2.4. Energy analysis      10 
2.5. Emissions mitigation over lifetime     11 
2.6. Comparing with local utility financially    11 
3.     Chapter 3. Review of Literature    12 
3.1. Introduction to Problem     12 
3.2. Permitting Requirements     16 
4.     Chapter 4. Scope of Proposed Project    17 
4.1. Photovoltaic System Design-Specifications and Explanations 17 
4.2. Photovoltaic System Design-String Modules  18
4.3. Photovoltaic System Design-Inverter   22 
4.4. Photovoltaic System Design-Solar Switchboard  23
4.5. Photovoltaic System Design-Transformer   23 
4.6. Photovoltaic System Design-Utility (HELCO) tie-in  24
4.7. Wiring Diagram      24 
4.8. Structure Design     28 
5.     Chapter 5. Materials     29 
5.1. Introduction      28 
5.2. Module Materials     29 
5.3. Inverter Materials     30 
5.4. Solar Switchboard Materials    31 
5.5. Transformer Materials     31 
5.6. Steel Structure Materials    32 
6.     Chapter 6. Construction Planning    34 
6.1. Wages and Man Hours     34 
7.     Chapter 7. Transportation of Materials    37 
8.     Chapter 8. Financial Cost of Proposed System   38 
8.1. Shipping      38 
8.2. Labor       38 
8.3. Materials      39 
8.3.1.   Modules      38 
8.3.2.   Steel Structure     38 
8.3.3.   Construction Materials    38 
9.     Chapter 9. Energy Analysis of Proposed System  43 
10. Chapter 10. Financial Return on Investment   47 
11. Chapter 11. LCA Analysis of Materials    49 
11.1.               Stainless Steel Fasteners    51 
11.2.               Insulated Copper Wire    53 
11.3.               Steel Structure Emissions    54 
11.4.               PVC Conduit Emissions    56 
11.5.               PV Module Emissions    57 
12. Chapter 12. Emissions of Existing Utility Electricity Production 59 
13. Chapter 13. Compare Findings    61 
14. Chapter 14. Conclusions     63 
15. Chapter 15. Recommendations    65 
 
Bibliography 
Appendix 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Acknowledgements 
First and foremost I would like to thank my mother and step-father for providing me with 
the means to start and complete this master program.  Chris and Ali, I wouldn’t have been 
able to do it without you.   
Thanks to all of the professors at the UPC that have helped along the way and taught me 
new things.  A special thanks to Enric Velo and Agusti Perez for their guidance in the 
process 
Another thanks must be given to the team at Dahl Electric, especially Brandon Jenkins 
and Eric Schwab who have given me a crash course in electrical theory and applications, 
as well as teaching me the code book for use in the proposed study.  
Last but not least, my roommates at Carrer Mar Sea Resort deserve all the credit they 
can get for studying, working and living alongside me while we were in Barcelona 
 
 
 
 
 
 
 
 
 
 
 List of Tables 
Table 3.1- Hawaii Energy Mix by Hawaii Electric Company 
Table 3..2 Hawaii Energy Mix by EIA report 
Table 5.1-Module mounting materials 
Table 5.2- Inverter mounting materials 
Table 5.3-Solar switchboard mounting materials 
Table 5.4-Transformer mounting materials 
Table 5.5-Steel Structure Materials 
Table 6.1-Labor hours and cost estimates 
Table 8.1- Financial Burden Materials 
Table 11.1- Weight of materials 
Table 12.1- Emissions Output Hawaii 
Table 13.1-Total Emissions from Solar Farm 
 
 
 
 
 
 
 
 List of Figures 
Figure 4.1 – Aerial view of array design 
Figure 4.2 – Module string management 
Figure 4.3 – Module String Management at combiner box 
Figure 4.4- View of Combiner box and wire path 
Figure 4.5- View of cable tray from array to inverter 
Figure 4.6- View of 250kw Inverter at end of each array 
Figure 4.7- Wiring Diagram 
Figure 4.8- Structure Design 
Figure 6.1-Screenshot of Electrical Bid Manager 
Figure 9.1 Screenshot of RETscreen Project Page 
Figure 9.2 Screenshot of RETscreen Results 
Figure 10.1 Financial Return on Investment 
Figure 11.1 Life Cycle Steel Bolt and Fasteners 
Figure 11.2 GHG Emissions Steel Bolt and Fasteners 
Figure 11.3 Life Cycle Copper Wire 
Figure 11.4 – GHG Emissions Copper Wire 
Figure 11.5- Life Cycle Steel Structure 
Figure 11.6- GHG Emissions Steel Structure 
Figure 11.7- Life Cycle PVC Conduit 
Figure 11.8- GHG Emissions PVC Conduit 
  
Abstract of Master’s Thesis: 
The aim of this investigation is to measure holistically all of the components of the design, 
planning, installation and implementation of a photovoltaic system on the island of Hawaii 
in the state of Hawaii.  The system size will be defined as 5 megawatts in order to make 
the project feasible considering the amount of available land that is on the island.  The 
reason for this thesis is the increase in energy prices from the public utility, HELCO, and 
the emissions associated with their energy production. 
This thesis first delves into an investigation of the existing global push for renewable 
energies and a focus on the current case in Hawaii, mainly on the Island of Hawaii, also 
known as the big island.  By using existing knowledge and studies by other professionals 
and academics a decision will be made to install a solar farm on the big island of Hawaii.  
As stated in the beginning of this abstract the size of the farm will be that of 5 megawatts 
and will be tied into the existing local electricity grid at with a net-metering agreement to 
sell back the energy produced.  
By designing and installing a 5 megawatt system the author will then attempt to associate 
a carbon emission to the entire project; this is including transportation, production of 
materials and any other associated aspect deemed significant for the purpose of the study 
and research.   
Financial, environmental and social aspects of the projects will be evaluated in qualitative 
and quantitative terms to address the case of renewable energy having more integrated 
costs besides the financial side in order to establish a better understanding of investment 
in renewables, specifically photovoltaic energy. 
 
 
 
 Resumen del Trabajo Fin de Master 
 
El objetivo de esta investigación consiste es medir de manera integral todos los 
componentes;  diseño, planificación, instalación y puesta en práctica de un sistema 
fotovoltaico en la isla de Hawái, Estados Unidos. Teniendo en cuenta el espacio de tierra 
disponible en la isla y los requerimientos de consumo, la factibilidad del proyecto requería 
dimensionar la obra en 5 Megavatios. La razón por la que se realiza este trabajo de 
estudio es por el continuo aumento del precio de la energía pública en la isla provista por 
HELCO, sumado a las emisiones asociadas a su producción en contaminación del medio 
ambiente. 
La investigación desarrollada a nivel global y enfocado en las energías renovables se 
plasma en el caso puntual de Hawái, principalmente en la isla de Hawái, también 
conocida como la Isla Grande. Con los conocimientos adquiridos y el trabajo conjunto 
con otros profesionales y académicos se decide instalar el parque solar en la Isla grande, 
que como nombramos con anterioridad será de 5 Megavatios, la cual se encontrara 
conectada a la red eléctrica local existente. Mediante sistemas eléctricos  de medición 
se contabilizara la energía aportada al sistema la cual será cobrada con posterioridad. 
Mediante el diseño e instalación del sistema, se intentara asociar al mismo una emisión 
de carbono para la totalidad del proyecto; incluyendo el transporte, producción de 
materiales y cualquier otro aspecto que se considere significativo para el propósito de 
este estudio e investigación. 
En el desarrollo del mismo serán evaluados de forma cualitativa y cuantitativa detalles 
financieros, ambientales y sociales relacionados a la implantación de energías 
renovables en la isla. El análisis de los costos de desarrollo y financiación  serán llevados 
a cabo para lograr una mejor comprensión de la necesidad de implantación de energías 
renovables en dicho territorio; hablando en este caso precisamente en energía 
fotovoltaica 
 
  
 
CHAPTER 1. INTRODUCTION 
1.1 The Reason 
Peak oil has been a term that politicians, scientists and environmentalists have embedded 
into the vocabulary of the populations, yet it is still undetermined when it will actually be 
a reality.  It is not, though, a term that can be ignored.   With an ever-growing population 
and growing global economy, energy must be talked about as one of the most important 
problems that humanity will face.  Renewable energies are seen as the solution.  If the 
world can wean itself off of the dependence of fossil fuels their might be a fighting chance 
that the fossil fuel reserves that exist today will be sufficient to power our way into the 
future.  The author is currently working on various projects in the field of renewable energy 
in the State of Hawaii and plans to use this knowledge to give a better understand to the 
situation and what needs to be addressed.   
 
First though, a step back needs to be taken to address the problem globally and analyze 
the reason for the push for renewable energy across the planet.  A good stepping stone 
to understand the future is the yearly guide that the U.S. Energy Information 
Administration publishes, the International Energy Outlook, 2014.  Global consumption of 
petroleum and other fuels is forecast to increase constantly from now until 2040, the year 
that the study uses as a reference point.  To match the demand, the supply must increase 
or we will have a huge inflation in pricing.  The fossil fuel supply of the world is a fixed 
number, which means that it can potentially be exhausted.  When something cannot 
regenerate, one day or another the reserves will be depleted.  Running out of the main 
energy source of the world is a compelling argument to increase research and 
implementation of technologies in renewable energy.   
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1.2 The Problem  
“Hawaii’s energy, economy and environment are intricately connected” (Rocky Mountain 
Institute, 2006).  A curious thing about the state of Hawaii though is the energy mix for 
electrical production.  Hawaii is stuck in a the middle of the ocean, with no natural reserves 
of fossil fuels, what other nations take for granted when providing affordable and reliable 
energy to their citizens.  Energy goes into everyday activities in every aspect of society.  
Hawaii is in fact, one of the lowest users of energy per capita, but this can be attributed 
to the size of the islands, and without a doubt the climate.  When you take a region that 
does not have its own resources though, you must take into account where they are 
getting them from.  Hawaii, to produce energy from fossil fuels must import all of the raw 
materials to be processed.  There is no underwater pipeline, everything must be shipped 
on shipping vessels to the islands, which causes pollution associated with energy to rise 
exponentially when comparing to areas that have their own resources.  The pollution is 
not the only issue though.  The cost to transport the amount of fossil fuels used to create 
energy cannot be absorbed solely by the public utility that processes these fuels to 
produce energy for the end consumer.  These higher costs are translated into higher 
consumer prices.  The price of oil is not stable, meaning the cost of energy cannot be 
stable either.  All in all, you are paying for the cost of transportation, using fossil fuels as 
well as the cost of the fossil fuel to be converted into electricity.   
The average cost of electricity in Hawaii is the highest in the United States, which in 2004, 
expenditures in energy made up 10% of a person’s individual income (Rocky Mountain 
Institute, 2006).  If oil prices rise and transportation costs increase that percentage is likely 
to rise, which can slow the economy.  When an individual has more disposable income 
they are more likely to invest, put the money in banks to be loaned and consume.  An 
increase in consumption of income, as described in the Solow-Swan economic model, 
leads to the potential rate of investment to decline (Acemoglu, 2011).  When the rate of 
investment increase it always increase the potential of economic growth and output.  If 
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one were to increase the amount of investments by lowering the rate of consumption, in 
this case on energy, we can argue that economic growth is to follow.   
Going in a different direction, ignoring the effect that the price of energy has on the 
economic performance of the state we must also take a look at the environmental side.  
Many people believe that the increase in environmental protection can actually hurt the 
economy.  There are many studies done, including one by Stephen M. Meyer at MIT that 
give a definite answer to this question, and the answer is no.  He argues that yes, some 
restrictions in activities can hurt certain sectors, for example, manufacturing, but the 
change is not significant when comparing to the economy as a whole (Meyer, 1995).  
Take a look at the increase in technology over the past few decades as an example.  If 
one were to argue that technology will make jobs easier and workers more efficient, 
therefore creating less jobs they would be proven wrong with figures today.  Forward 
progress creates innovation, innovation creates new sectors and new sectors create more 
jobs and economic growth.  One could argue the same with renewable energies.  Take 
solar panels as an example, an industry that is not exactly new, but being implemented 
at a greater scale in the past 10 years than any time before.  This has caused an increase 
in technological advances, research and at the same time a drastic drop in the price of 
solar energy systems.  Simple as basic economics, the more the quantity of the supplied 
good increases the more affordable it becomes.  The competition drives innovation.   
Policies in renewable energy have shifted in recent years to aid the research and 
development of new ways to provide the population with electricity.  Photovoltaic energy 
has been one of the energies most highly implemented around the globe.  This year, in 
2014, the U.S. Energy Information Administration again released its Annual Energy 
Outlook report with projections to 2040 (Administration U. E., 2014).  Detailed in this report 
is a chapter on the production of electrical power and outlooks for the future. Many factors 
contribute to the increasing focus on renewable energy.  These include, but are not limited 
to, increase in fossil fuel prices, increase in effects of global warming, increasing costs in 
transportation for raw materials to produce electricity and so on.  
One question that might be asked is what is the sustainability of solar energy and how 
can it be measured.  The sun does not just shine down and create electricity from the 
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radiation that hits the earth.  The energy must be harnessed by products that are 
manufactured by humans from raw materials sourced from the earth.  The purpose of this 
study is to determine the energy and components that are included in the entire scope of 
a photovoltaic system and to measure the sustainability in the long-term of a pre-
determined size of system 
1.3 Scope 
 
Renewable energy is energy that, as given by its name, renews itself.  A dependency on 
fossil fuels, which is a finite resource, is not renewable.  A shift in energy consumption 
needs to be made towards renewables.  Hawaii has a daily solar radiation of 6.04 
kWh/m2/day, according to NASA, which can be converted into electricity.  To put this in 
perspective, a single laptop computer with a consumption of 50w, used for 24 hours a 
day over the course of an entire year will consume 438kWh per year.  The sun can 
produce enough power over one square meter in two months.  That is roughly the size of 
a single solar panel.  Now imagine an empty field that measures 10 acres.  The energy 
produced per day of this solar array will equate to almost 250,000kWh in a single day.  
Technology has not advanced far enough as to let us harness all of that potential energy 
and convert it straight into electricity though.  There are losses in solar panels and their 
related equipment that amount to only being able to harness around 20% of the total 
potential in the most optimized case.  Even so, if we take twenty percent of that ten acre 
farm we still get 50,000kWh per day of electricity that can be produced.   
 
In all types of production there are associated costs that associate with the financial, 
social and environmental sectors.  Solar energy cannot be harnessed by using energy 
from the sun alone.  Projects involved in solar energy are complicated and the production 
of solar cell technology may not be environmental friendly in itself.  One must determine 
if the amount of energy that is required and the amount of materials required to install 
solar farms and simple residential applications is worth it to offset the already existing 
fossil fuel power plants.  The easy answer is to say yes, since after the solar arrays are 
installed, if maintenance and replacement parts are not taken into account, there is 
potentially a zero emissions energy source.  The next question that needs to be asked 
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then is how long, if we take into all of the emissions associated with the materials installed 
in solar, it will take to offset the emissions produced if we continue to create electricity 
with traditional methods.   
 
1.4 Objective of the study 
The purpose of this study is to evaluate the potential installation of a ground-mounted 
solar farm in Kona, Hawaii for the purpose of selling electricity back to the grid through 
the local utility company, Hawaiian Electric and Light Company.  The permitting process 
will be explained as a hypothetical situation and the situation involved with the existing 
grid as well.   
A step by step explanation of the installation and erection of the structure along with the 
installation of all the panels and inverters will be drawn out in detail to accurately measure 
each component that is used to create a solar farm.  Certain aspects of the solar farm will 
have to be adjusted when regarding materials due to the local climate that is highly 
corrosive due to the proximity to the Pacific Ocean.  After the final connection of the solar 
array to the HELCO grid a twenty year comparison will be made against the existing 
production of electricity for the local grid in accordance to data collected and provided by 
the local utility.  
 
1.5 Research Questions 
In order to propose a solution to the problem presented in the beginning of this 
introduction, there are a few questions that must be answered 
1.1 What emissions can be associated with the entire life of a photovoltaic system, 
including materials, transportation and construction? 
1.2 What is the difference when you compare the emissions in question (a) with 
those of a local electric utility? 
1.3 What is the rate of return on investment on a photovoltaic system over the 
course of its life?  Is it a smart investment or are we just thinking green? 
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1.6 Significance 
 
The significance of this study is to go more in depth in the process of creating energy 
from the sun.  Solar energy is thought to be completely emission free, but what most 
people forget to include is that every single item had to be manufactured, shipped and 
installed by workers who are also using fossil fuels as a mode of transportation to work.  
This study will take those considerations into account and draw a conclusion on the actual 
mitigation of emissions that a photovoltaic installation has from beginning to end.  
 
 
 
 
 
 
1.7 Definitions- Provided from NEC Handbook 
• AWG: American Wire Gauge, the standard measurement used for wire sizes in the 
United States 
• Ampere- A unit of measure for the flow of current within a circuit.  One ampere is 
the amount of current flow provided when one volt of electrical pressure is applied 
against one ohm of resistance.  
• Capacitor- A device which stores electrical energy. Commonly used for filtering out 
voltage spikes 
• Ground- A ground occurs when any part of a wiring circuit unintentionally touches 
a metallic part of the machine frame 
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• Grounding circuit- A connection of any electrical unit to the frame, completing the 
electrical circuit to its source 
• Inverter - A device with only one input and one output; it inverts or reverses any 
input. 
• Insulator-A substance or body that resists the flow of electrical current through it. 
• Parallel circuit- A circuit in which the circuit components are arranged in branches 
so that there is a separate path to each unit along which electrical current can flow 
• Positive-Designating or pertaining to a kind of electricity.  Specifically, an atom 
which loses negative electrons and is positively charged 
• Transformer-A device made of two coil windings that transfers voltage from one 
coil to the next through electromagnetic induction. Depending upon the number of 
windings per coil, a transformer can be designed to step - up or step - down its 
output voltage from its input voltage. Transformers can only function with 
alternating current (AC). 
 
 
 
 
 
 
 
 
1.8 Limitations 
 
• It is not possible in this study to measure the exact amount of emissions from the 
local utility associated with electricity production.  An estimate will be made using 
the energy mix and the amount of MWh produced over the course of a year.  
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• Materials to be analyzed for their carbon footprint and emissions in the LCA section 
will need to be estimated weights as some products are not present to the 
researcher and the information required is not accessible.  For example a 10 foot 
length of wire will be estimated by using the total weight of a master reel, which is 
5,000 feet and dividing accordingly. 
 
1.9 Delimitations 
 
• The study is limited to the measuring of CO2 emissions associated with all of the 
components of the project and existing utilities 
• The study assumes worker productivity when calculating hours doesn’t waiver, and 
no holidays are taken for ease of calculations 
• The study assumes some values due to prior knowledge in the field and can 
provide materials for further review if requested in certain areas.  
• It is assumed that all materials for construction are shipped from Seattle, WA.  In 
reality this would not be the case, as some parts could be purchased on the island.  
It would have an insignificant change as the largest things need to be imported. 
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CHAPTER 2. METHODOLOGY 
Various methodologies will be applied in the duration of this dissertation to be able to do 
calculations, design and construction tasks.  Below are the various steps of the task and 
how they will be handled accordingly per the requirements of each step.   
2.1  System design 
2.1.1 To design the proposed photovoltaic energy system Google sketchup along 
with autocad will be utilized to create original elaborations and designs 
within the constraints of the project.  The proposed design is a 5 MW ground 
mounted system on a steel structure.  The exact design will be illustrated 
and explained in the section pertaining to this task 
2.2 Construction planning 
 
2.2.1 Materials to be used for the project will be estimated according to the design 
previously stated.  Materials and parts will be estimated using previous 
knowledge and working in the sector on similar projects of size and design 
2.2.2 Transportation costs will be associated with each material being that Hawaii 
is a remote island a majority of the materials must be ordered by freight are 
sent over on a barge to the nearest port, some 50 miles from the projects 
proposed location 
2.2.3 Labor and wages will be included in the final scope of the project to be 
added on to the total cost of installing the PV system.  This will help us get 
a final number that can be used when we do return of investment 
calculations in the financial analysis section of this paper.  Local rates of 
labor will be used in accordance to the existing hourly wages of the State of 
Hawaii Union laws. 
 
 
 
 
 
9 
 
2.3 Life Cycle Analysis 
 
2.3.1 The total bill of materials for the installation of the modules will be calculated 
according to the design of the project and separated by the material that 
each part is made of.  These will then be separated into categories and a 
life cycle analysis of each component will be estimated using Gabi LCA and 
other tools that are readily available for estimating purposes.  
2.3.2 The solar panels to be used are the SunPower 327 modules, a module that 
is used in high demand in Hawaii on various projects and the information 
related to the construction of these modules is readily available from 
resources that SunPower will provide. 
2.3.3 The racking and installation part of the project, or in other terms, the 
structure that is to be installed underneath the array to hold it up will be 
divided and calculated dealing with the materials and transportation costs 
associated with each item in the effort to apply costs to each component.  
2.3.4 The last part of the LCA analysis deals with the electrical design of the 
project.  This pertains to all of the wiring and materials that are used when 
connecting the modules to the inverters and tying into the existing grid by 
HELCO the local utility.   
2.4 Energy Analysis 
 
2.4.1 Energy production calculations and estimates will be calculated and 
estimated using an array of various programs including RET Screen and 
PV Watts.  Weather data will be taken from the National Oceanic and 
Atmospheric Administration of the United States in order to supply the data 
to the programs previous listed which will allow us to get accurate results 
for the coordinates and location of the project.   
2.4.2 The project lifetime will be estimated as a 20 year project as this is the 
standard lifetime in the industry for PV projects.  An explanation of the 
lifetime and possible costs incurred at the end of 20 years will be estimated 
to better help with comparisons. 
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2.5 Emissions Mitigation over lifetime 
 
 
2.5.1 By using all of the LCA calculations acquired in the previous chapters of this 
paper a total calculation of emissions will be available.  By comparing the 
amount of emissions associated with the installation of the entire project 
with the local utilities method of producing energy we will be able to 
calculate an exact return on investment in terms of emissions 
 
 
2.6 Comparing with local public utility in financial terms 
 
2.6.1 Ignoring the emissions that are associated with PV and the traditional 
electrical production processes in Kona, Hawaii, a calculation will be made 
in terms of monetary return of investment that the total project will have.  By 
comparing the costs of electricity with the production of electricity and the 
total price of the project we will be able to obtain this number.   
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 CHAPTER 3. REVIEW OF LITERATURE 
3.1 Before getting into the proposed project a discussion of the outlook on the 
future of electricity production and consumption is Hawaii needs to be taken 
into account.  The future of energy in Hawaii is highly dependent on the 
production of renewable energy.  Hawaii, being a remote chain of islands in the 
Pacific Ocean, without fossil fuels means that they have the necessity to import 
the majority of its fuels to create electricity.  According to the Energy Information 
Administration the main fuel used to produce energy in Hawaii is expensive 
petroleum that must be shipped over on barges.  Hawaii currently produces 
60% of their electricity from this imported petroleum.  Since the price to import 
the petroleum is substantially higher than that of the continental United States 
the price of end electricity to the consumer is going to be much higher.  In 2013 
the average price per kilowatt hour of electricity in Hawaii was between 35 and 
48 cents per kWh according to the public utilities pricing on their website 
(Administration U. E., 2014) (Energy) . 
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Table 3.1- Hawaii Energy Mix by Hawaii Electric Company 
 
The above table shows the mix of energy production by fuel type for all of the islands of 
Hawaii.  Since each island is independent on its energy production we will be using this 
numbers to draw a comparisons to only the Island of Hawaii.  The goal of the project is to 
analyze the effect of installing our proposed system in the energy mix of Hawaii and 
calculate the total offset of carbon emissions by increasing the solar sector which 
currently sites at 0.13% of total energy production. 
Fuel Sources 
Hawaiian 
Electric 
Hawaii 
Electric 
Light 
Maui Electric 
Hawaiian Electric 
Companies 
(Island of Oahu) 
(Island of 
Hawaii) 
(Islands of Maui, 
Molokai and Lanai) 
Oil 73.40% 59.46% 75.35% 71.95% 
Coal 18.92%  0 1.12% 14.38% 
Biofuel 0.40% 0  0.11% 0.31% 
Biomass  0 0 3.42% 0.43% 
Geothermal  0 24.28%  0 2.95% 
Hydro  0 3.05% 0.40% 0.42% 
Solar 0.38% 0.13% 0.42% 0.36% 
Solid Waste 5.21%  0  0 3.92% 
Wind 1.69% 13.08% 19.18% 5.28% 
TOTAL: 100% 100% 100% 100% 
Total from 
Renewable 
Resources 
7.68% 40.54% 23.53% 13.67% 
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By comparing the percentages above with the total production of energy of 1,456 million 
kWh on the island of Hawaii we can determine the total amount of energy per sector.  The 
graph below shows the energy production in million kWh.  The total of 60% as portrayed 
in the previous graph is equivalent to 1,195 million kWh per year of electricity on the island 
of Hawaii.   
 
 
Island Total Petroleum Coal Wind Biomass 
   kWh/year  kWh/year  kWh/year  kWh/year kWh/year 
      State total 10,469        7,483        1,537        378        281        
          
Hawaii 1,195        748        -        120        -        
Maui 1,200        794        15        100        281        
Lanai 27        27        -        -        -        
Molokai 34        34        -        -        -        
Oahu 7,561        5,471        1,522        158        -        
Kauai 452        409        -        -        -        
            
Island Geothermal Hydro Other 
gases 1/ 
Solar Others 
           
      State total 261        115        47        5        363       
           
Hawaii 261        66        -        -        -        
Table 3..2 Hawaii Energy Mix by EIA report 
 
Policy makers across the nation have been focused on the situation in Hawaii and have 
published many reports to analyze the outlook for the future of energy production on this 
small chain of islands.   
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The state of Hawaii released a plan called Energy for Tomorrow in 2006 that touches 
many of the problems that the island faces and potential solutions for the future.  A 
summary of the policies that were in this report can be compared to that of Europe’s 
20/20/20.  Hawaii legislation states that. “Each electric utility is required to meet 20% of 
its net electricity sales from renewable resources by 2020.”  They have also eliminated 
the need for a “sunset date” on renewable energy meaning that the tax credits will 
continue to be applicable for producers of renewable energy (Rocky Mountain Institute 
for State of Hawaii- Department of Business, 2006).    
Hawaii has already reached the goal on this particular island of providing 20% from 
renewable energy resources.  The issue with this is that produce the 60% of electricity 
that comes from fossil fuels also incurs a huge increase in emission by transport vessels 
and pollution to the atmosphere while burning.   
Since Hawaii has until recently been dependent on only burning fossil fuels therein lies a 
few problems when talking about the reliability of introducing solar energy to the existing 
grid.  The reason that Hawaii is worried about the sudden influx of solar energy is related 
to the problem of an “under-frequency event.”  This is when the load can exceed the 
generation making it so that the amount of cycles or Hz will deviate.  These sustained 
drops in energy due to lack of wind in the case of wind turbines or cloud cover in the case 
of solar present a problem to the grid in the sense that another type of energy production 
will have to cover the difference in order to ensure reliability and energy production on the 
island.   
The best way to combat sudden drops in the generation of electricity when dealing with 
systems that have a higher penetration of varying renewables is the idea of installing 
smart grids, or de-centralized power plants.  By de-centralizing the power plants and 
creating electricity plants in various areas and parts of the island they are able to transfer 
energy from one station to another to compensate for the fluctuations in certain areas.  
Having a combination of both renewable and non-renewable energy in the same area 
helps to keep reliability at its maximum (NREL, 2013). 
Regarding the problems that Hawaii may face by implementing solar it is required that 
utilities adapt and apply for electrical permits based on the capacity that the grid can 
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handle according to the public utility.  They have faced public scrutiny in the past for the 
refusal to connect solar farms to the grid and to award permits for energy production, so 
only time will tell if the grid can be adjusted to handle the demand for renewables.   
The rest of this paper will focus on the implementation of solar energy itself and ignore 
most of the problems of the grid for energy production.  The goal is to calculate the 
environmental and economic impact that installing a solar PV farm would have on the 
area of the island of Hawaii.   
3.2  Permitting Requirements 
In order to sell back energy to the grid in the state of Hawaii, the customer must complete 
various forms spelling out each step of the process.  The maximum size of a system that 
can be connected to the utility through the feed-in tariff program is 5MW, and for this the 
proposed project will be designed to be just under that top tier limit.  All applications for 
connecting to the grid with a PV system must be submitted for an initial technical review 
that includes the following requirements1 
 
• Energy Efficiency Audit-If the project is residential houses must undergo an 
efficiency audit for the existing utilities within a home.  Since the proposed 
project is a solar farm this step can be skipped. 
• Determine if you are eligible for a tax credit.  In the case of a solar farm the 
owner is eligible for a 30% federal tax credit off of the total cost, including 
labor.  This particular credit expires in 2016, but for research purposes we 
will assume 2015 construction 
• Submit an engineered design signed off by a licensed engineer in the state 
of Hawaii.  These plans will then be reviewed by the local utility, in our case 
HELCO, and an answer will be given if the plans are accepted or not.  If 
plans are not accepted you must resubmit with corrections 
• The proposed project needs an electrical permit.  Once the plans are 
accepted by HELCO, the project manager must submit a request for an 
1 Copy of actual form will be submitted in appendix 
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electrical permit to the engineering and projects office in the County of 
Hawaii. 
• Once all permits are received the project may start. 
• Once the project is finished there must be a coordination with HELCO to 
connect the photovoltaic system to the energy grid 
 
CHAPTER 4. SCOPE OF PROPOSED PROJECT 
4.1 Photovoltaic system design- Specifications and Explanation 
 
Firstly it is to be stated that the knowledge used to design this project and validate its 
functionality has been obtained directly from working experience.  Per recent changes in 
the state of Hawaii, solar farms have had troubles with connecting to the grid, causing the 
desire to invest money in large projects to fall.  These reasons were given in the review 
of literature.  Resources are being applied to changing this, thus giving reason to continue 
the pursuit of photovoltaic in Hawaii.  A five megawatt system has been chosen due to 
the feasibility with managing material, labor and land area needed to make the project a 
reality.  The 5 megawatt system will be divided into smaller systems that will eventually 
tie back into the grid.  The section that follows will go into detail on how the various 
components are broken up into sub-systems and how the energy is transported back to 
the grid so it can be used by the end-user. 
 
The author’s intent in the following chapter is to give the audience a clear picture of the 
various steps required for the production of solar energy and its capturing process.  These 
steps will be explained according to the stage in the process, from the collection of sun 
with solar panels to the conversion of energy from a DC current to an AC current to the 
transportation of the electricity to the grid.  Some details are simplified as it is an effort in 
giving only the essential information.  
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4.2  Photovoltaic system design – String Modules 
String modules refer to the wiring of solar panels.  Solar panels are to be wired in series, 
adding up the total voltage.  The reason that this is so beneficial is that by stringing all of 
the modules together one is able to consume less wire, which leads to use less materials 
and the energy losses are insignificant.  Each module has a positive and negative wire, 
which can also be seen in figure 4.2 in the following section.  These positive and negative 
wires are connected to create what is essentially a “string” and allows positive negative 
currents to travel through an entire string of modules.   
There are limitations on the amount of modules that can be included in one string.  Wire 
can only carry a certain amount of voltage, and is rated as so, in the electrical code book.  
In this implementation the wire to be used is photovoltaic 1kv wire, which is rated to 1,000 
volts.  To find out how many modules can be wired together on one string we must take 
the maximum output voltage, as found on the specification sheets of the module.  For the 
following module, the output voltage is 64.9.  This means that a total of 15 modules can 
be combined on a single string.  In the following design, though, the author will maintain 
a string size of 12 modules for the purpose of keeping all of the strings consistent in size.  
Now that we have discussed the idea of stringing modules together in order to capture 
energy from the sun, the actual project proposal will be explained in deeper detail, starting 
with how these 12 module strings will be installed.  
The proposed size of the ground mounted PV system is 4.7 MW capacity due to the 
feasibility of the area and construction associated with that number.  To get the total 
capacity to 4.7 MW requires an installation of 14,400 SunPower 327 modules.  An aerial 
view of the design can be seen below.   The array will have an azimuth of 180 degrees 
facing directly south to maximize the exposure to the sun.  To calculate the most efficient 
tilt of the array in order to produce the maximum amount of electricity we will take an 
average of the tilt for spring, autumn and summer, ignoring the winter months.  According 
to a study from the University of Texas the best way to calculate tilt for solar arrays is to 
take the latitude of the desired location, which in this case is the island of Hawaii at 19 
degrees N.  Then with that latitude for the spring and summer months you will have the 
following equation (Paso, 2013). 
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𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑎𝑎𝑠𝑠𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑠𝑠 𝑎𝑎𝑠𝑠𝑡𝑡𝑎𝑎 = 19 ∗ .98 − 2.3 𝑎𝑎𝑑𝑑𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠 = 16.32 𝑎𝑎𝑑𝑑𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠 
𝑠𝑠𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑠𝑠 𝑎𝑎𝑠𝑠𝑡𝑡𝑎𝑎 = 19 ∗ .92 − 24.3 = −6.82 𝑎𝑎𝑑𝑑𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠 
The average of these two optimized tilts is 4.75 degrees.  For the ease of design and 
measuring we will set our array at an angle of 4 degrees facing directly south to produce 
more energy in the summer months when the sun is more intense.  Later on in the study 
we will calculate the energy production for the array using this azimuth and degree of tilt.  
A detail of the design can be seen at by referencing to figure 4.1. 
 
Figure 4.1 – Aerial view of array design 
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Figure 4.2 – Module string management 
 
 
 
      The arrays will be divided as follows 
4.2.1 There will be 720 modules per array and this will be implemented 20 
times.  The design allows us to mitigate the replacement of an entire 
system if one of the components fails to work.  A design specification 
sheet sourced from SunPower is attached in the Appendix  
1 to show that the proposed module fits the real size, weight and 
width of the modules.   
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4.2.2 The modules must then be wired in strings and combined at the 
middle of each array from each side in an appropriate sized combiner 
box.  Each string will consist of 12 SunPower modules that will string 
together by connecting the positive and negatives ends until it 
reaches the last modules and copper PV wire will be used to make 
the run back to the combiner box.  The following procedure is shown 
below with an AutoCAD drawing and google sketch-up. 
4.2.3 No conduit will be used to take the strings to the combiner boxes.  
The modules will be grouped in 8 strings of 12 on each sub-array for 
each side of the combiner boxes, for a total of 72 modules.  Each 
combiner box will receive 16 separate strings, consisting of the 
following wire per string.. 
4.2.3.1 (1) Positive and (1) negative wire per string, size #10 
PV wire according to the National Electrical Code handbook.   
4.2.3.2 Each combiner box will have weatherproof entries on 
each side to  
4.2.3.3 Each sub-array consists of 72 modules at 327 watts 
each so we can calculate the amperage to calculate the wire 
size. 
4.2.3.3.1 327watts/600Vmax = .545 
4.2.3.3.2 .545 * 72 = 39.24 amps 
4.2.3.4 According to the NEC handbook section 310.15(b) (16) 
the appropriate wire size for the amperage calculated is #8 
wire. 
4.2.3.5 There will be (2) #8 wire and (1) #10 wire per sub-array 
of 72 modules that will go inside of a 1” conduit per the NEC 
handbook to avoid the necessity to de-rate2 the current 
carrying capacity of the wires. 
2 The basis of de-rating is the assumption that the watt loss due to heat from any control and 
signal conductor in the same raceway or cable will not be enough to significantly increase the 
Figure 4.2- source: author  
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 The modules in the above drawing have been labelled according to what string phase 
they are going to be associated with.  The depictions on the side explain the process of 
running the wiring to the appropriate junction box.  Do not scale the above drawing as it 
is to serve as an example of the wire management and installation.  The actual array 
being designed will be larger than the drawing above but it depicts strings of 14 modules 
and the following two diagrams illustrate the effect of installing a combiner box at between 
the arrays.  This allows the wires to be combined into a larger size and make for a cleaner 
installation of the DC wiring.  A proper wiring diagram to see the path that the energy 
takes can be seen by referencing to figure 4.7.  This one line diagram was created by the 
author to show the amount of wiring and equipment needed to transport the solar energy 
back to the grid where it can be consumed.  
Figure 4.4 shows a stainless steel cable tray underneath each combiner box.  This tray 
will allow the conduits going from the combiner boxes to the inverters to run parallel to 
the ground.  Figure 4.5 shows where the conduit go and how they enter the inverter.  This 
design is to be implemented for each one of the twenty different arrays that will be 
installed in this project.   
Figure 4.5 illustrates that we will be installing 10 conduit entries into each inverter.  This 
will account for each one of the sub-arrays that we have per array on the project.  The 
reason for using conduit to run the wires back to the inverter is to protect them from UV 
exposure and other problems such as rodents.  If a wire is damaged then it must be 
replaced which would add to costs and materials.   
4.3 Photovoltaic system design – Inverter 
The choice of inverter was decided on the amount of potential energy that the 
solar farm can produce.  Since it is a project of nearly 5 MW there has to be an 
inverter capacity, to change 5 MW from DC to AC electricity.  Therefore we will 
need a total of twenty inverters.  The reason for separating the arrays as follows 
temperature of the power and lighting conductors. NEC Handbook Page 261 Section 
310.15(B)(3)(a) 
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is that it makes maintenance and repair much easier when working on a smaller 
scale. 
4.3.1 Each of the 20 arrays will receive a 250kW Inverter made by Solaron.  
These inverters will be installed at the bottom of the cable tray shown 
in Figure 5.  720 modules will feed DC power into each one of these 
inverters.  The production capacity of each array is 238 kW meaning 
that inverters of 250 kW will be adequate to handle the energy 
produced. 
4.3.2 Figure 4.6 is an illustration of the inverter that will receive the 1” 
conduit from each sub-array 
4.3.3  Each one of these inverters has a Continuous Output Current of  
 
4.3.4 301 A.   Due to the amperage of the inverters, each inverter must 
have (3) 400 kcmil wires and (1) 2/0 ground wire to transport the 
electricity from the inverters to the Solar switchboards that will be 
explained in the next section.  
4.3.5 In accordance with the NEC handbook the appropriate conduit size 
for these (4) wires is a 4” schedule 40 PVC conduit. 
4.3.6 Each Array will have (1) Inverter and the 4” conduit exiting each array 
will be buried below ground in a single trench that will tie into the 
solar switchboard.  Each switchboard will accept (5) inverters. 
 
4.4 Photovoltaic system design – Solar Switchboard 
4.4.1 Each array will have a Solar Switchboard.  To calculate the size of 
the switchboard we will take the amperage of the five inverters on a 
row of arrays.  Each inverter has an output of 301A, so the total 
capacity of the switchboard must exceed 1,505A.  Each switchboard 
will have the following characteristics\ 
 
4.4.1.1 SSB-2,000A, 480V, 3Phase, 4W, 65kAIC. 
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 4.4.2 Every two SSBs will need to tie into a transformer.  From these SSBs 
we will need to run three separate conduit to accommodate the wiring 
required.  Each one of these conduit will be 4” Schedule 40 PVC with 
(3) 600kCMIL and (1) 3/0 AWG.   
4.4.3 Specifications sheet for the SSB to be used will be from Eaton and 
attached in the appendix. 
 
4.5 Photovoltaic system design – Transformer 
4.5.1 The function of the solar transformer is to step up the AC voltage that 
is sent from the inverter in order to carry it back to the tie-in substation 
that will feed directly into the grid.  
4.5.2 Two transformers are needed to complete the system before it is tied 
into the grid.  These transformers will be situated between two SSBs 
carry the power to the utility tie in.   
4.5.3 Each transformer will be a 12kv -480/277v transformer 
4.6 Photovoltaic system design – Utility (HELCO) Tie-in at sub-station 
4.6.1 The tie-in at the substation assumes that the gear that is needed is 
already in place.  Since HELCO has the existing substation it is not 
necessary to calculate the cost of emissions and materials 
associated with this step as it is used for the original traditional 
energy production and would cancel itself out.  
4.7  Wiring Diagram 
To make it easier on the reader to understand the complexity of the system the author 
has created a one-line wiring diagram that shows the path from beginning to end for the 
photovoltaic electricity that is produced.  By referencing figure 4.7, each wire size, location 
and direction is displayed diagrammatically.  This diagram was created using the 
electrical code handbook and meets all requirements for voltage and amperage 
capacities to transport the electricity produced by the proposed system.  
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Figure 4.3 – Module String Management at combiner box 
  
 
 
Figure 4.4- View of Combiner box and wire path 
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  Figure 4.5- View of cable tray from array to inverter 
 
 
 
 
 
 
 
 
 
Figure 4.6- View of 250kw Inverter at end of each array 
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Figure 4.7- Wiring Diagram 
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4.8 Structure Design 
The design of the structure was not created by the author.  The author contacted a 
company that specializes in the design of ground mount systems for photovoltaic projects.  
Below is a quick analysis of the design based on drawings provided by the company, 
Silverback Solar, from a previous project and also from their website.  
 
Figure 4.8- Structure Design - Source: Silverback Solar 
 
The feet of these posts will be drilled into the ground at a depth of 4 feet and encased in 
concrete.  This specific design works perfectly with the proposed system as it 
accommodates three modules in series.  
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CHAPTER 5. MATERIALS 
 
5.1 The following section will list the materials to be used and their application.  After 
listing all of the materials they will be calculated and separated into total amounts that will 
facilitate the cost and emissions analysis of each material used.  We will now separate 
the materials used accordingly to the sections laid out above in the design starting with 
mounting the modules onto the steel structure.  All of these materials will be totaled in the 
end to calculate emissions associated with the entire project, and costs.  Take note that 
each table in the following sections accounts for all of the arrays within the entire PV 
project 
5.2 The essential materials used to mount modules in our application start with fasteners 
such as nuts and bolts, along with wiring, according to the sizes calculated above, and 
miscellaneous parts used to manage the wires on the module frames.  The PV wire that 
we are going to use in our application is AWG #10, which consists of 19 strands and has 
an insulation that is sunlight resistant and adequate for temperatures ranging from -40 
Celsius to +90 Celsius.  The fasteners to be used will all be stainless steel to combat 
against corrosion.  Each module will take four sets of fasteners and the amount of wire to 
be used will be measured by taking distances in the Sketch up drawing.   
It is required to ground each module frame to the steel structure, and do this task we will 
be implementing a grounding weeb.  This weeb is installed between the structure and the 
head of the bolt, serving as a washer that grounds the modules to the frame.  This causes 
the module and the structure to become one path and give a clear electrical path to the 
ground.   
We will also include in this section the installation of combiner boxes, conduit and wiring 
from the modules to the inverters. 
Module Mounting   
327W Module 14440 Each 
1/4-20 Bolt Stainless Steel 57760 Each 
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1/4-20 nut Stainless steel 57760 Each 
WIRE, SOLAR ARRAY #10 
AWG 
272000 Feet 
Grounding Weeb 14440 Each 
Solar Zip-ties 14440 Each 
Combiner boxes 100 Each 
#8 AWG THWN 36000 Feet 
#10 AWG THWN 12000 Feet 
1" Schedule 40 PVC 12000 Feet 
1/4-20 Bolt Stainless Steel 400 Each 
1/4-20 nut Stainless Steel 400 Each 
1/4 Washer Stainless Steel 400 Each 
Table 5.1-Module mounting materials  Source: Author 
Table 5.1, above, displays the task at hand and the proper materials that must go into the 
project to be completed. 
 
5.3 The next step in our calculation of materials used for the design are the components 
that go into the inverters, their wiring and installation.  There will be a total of four 
inverters in the project so the numbers that will be shown in table 2 will account for the 
installation of these inverters and also their path back to the SSB.  This consists of the 
wiring and the mounting of the inverters to a concrete pad, using concrete anchor 
bolts.  The installation of the concrete pad will be discussed when we calculate the 
materials going into the structure as it is not part of the electrical installation.   
400kCMIL Wire  21000 Feet 
2/0 Ground Wire  7000 Feet 
4" Schedule 40 PVC  7000 Feet 
3/8 Concrete anchors  80 E 
3/8x20 Fender Washer  80 E 
Table 5.2- Inverter mounting materials  Source: Author 
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 5.4 SSB materials are similar to that of the inverters in the sense that they only take 
conduit, wires and concrete anchor bolts to fasten the enclosures to the pavement 
themselves.  In order to withstand the capacity of the arrays we will need to run three 
different conduit with the same wiring inside.  This causes them to run in parallel and 
cover the amperage that is put out by the inverters.  All of these conduits will run to 
the transformer together in an underground trench.   
There will be a total of two transformers so we will calculate the total 
amount associated with both of those. 
Table 5.3-Solar switchboard mounting materials  Source: Author 
5.5 Materials for transformer 
The following estimates are taken according to the design of the project.  The wires that 
go from each one of these transformers to the substation where the project will be 
connected to the grid will be situated underground in a 4” conduit.  This conduit will be 
encased in concrete to insure that the high voltage wire will never be able to be accessed.  
This adds an extra level of protection for future work in the area.  The substation will be 
Solar 
Switchboard 
Installation 
   
600kCMIL 
THWN 
 3600 Feet 
3/0 THWN  1200 Feet 
3/8 
Concrete 
anchors 
 16 E 
3/8x20 
Fender 
Washer 
 16 E 
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located outside of the array area some 1,000 feet from the transformers.  It will be 
mounted on a concrete pad just as the other equipment that is in the project. 
Table 5.4-Transformer mounting materials  Source:  Author 
 
Solar Switchboard 
Installation 
   
600kCMIL THWN  3600 Feet 
3/0 THWN  1200 Feet 
3/8 Concrete anchors  8 E 
3/8x20 Fender Washer  8 E 
Table 5.5 Steel Structure Materials source: author  
 
The materials associated with the structure of the array are taken from a rough 
estimates with previous knowledge and pricing from Silverback Solar.   Each 
section of support consists of 33 feet of 2.5” galvanized steel tubing.  The entire 
project requires the installation and purchase of 1,400 of these support systems.  
If we take the entire length of tubing required we assume that the complete number 
is 46,200 feet.   
Transformer 
Installation 
   
#2 15KV 
Wire 
 2000 Feet 
#2 Ground 
Wire 
 2000 Feet 
3/8 
Concrete 
anchors 
 8 E 
3/8x20 
Fender 
Washer 
 8 E 
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The total cost of these materials, installed will be extrapolated from a smaller bid 
that was provided previously.  The dollar amount for the structure is nearly 1.5 
million USD.  
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CHAPTER 6. CONSTRUCTION PLANNING 
 
6.1 Wages and Man Hours 
This section will cover the costs and time associated with the construction and 
installation of the entire project.  Wages will be the driving factor of the cost of this 
section of the report and by researching and gathering information from the state 
of Hawaii labor agreements we will be able to fully integrate the cost associated 
with the project.  To estimate the time required and the amount of people to finish 
the project previously acquired knowledge due to past projects will be used to 
compare.  The following table will give a breakdown of the inherit hours that will go 
into a project in each phase of installation as described in the scope of the project.  
Each phase will be broken down to specific tasks and an hourly value will be 
assigned to each one.  After we have calculated all of the hours that will go into 
the job as a total we will then multiply by the current wage in Hawaii for the year of 
2014.   
 
In the state of Hawaii, unions have a strong presence leading to higher wages for 
workers on projects.  Solar PV projects are classified as an electrical tasks so each 
employee must be a Hawaii Journeyman electrician and get paid according to the 
following scale.  As of February 23rd, 2014 the hourly wage of a Journeyman 
electrician is $46.  These values can be found in the appendix under Article 3C of 
the project labor agreement.   
 
Task Hours Wage Total 
Mobilization and General 
Requirements 
608 46 27968 
Install Modules 7220 46 332120 
Set and Install Inverters 810 46 37260 
Install Combiner box to 
Inverter Wiring 
1700 46 78200 
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Conduit and wiring 
Inverter to SSB 
2000 46 92000 
Install Module strings to 
combiner box 
1230 46 56580 
Trenching for conduit 480 46 22080 
Combiner box install 200 46 9200 
Install SSB (Solar 
Switchboard) 
50 46 2300 
Install transformer 50 46 2300 
Install Switchgear to 
HELCO 
40 46 1840 
Test Array 255 46 11730 
Install Steel structure 3200 46 147200 
 17843  $820778 
Table 6.1-Labor hours and cost estimates per Electrical Bid Manager 
Total hours for these specific tasks have been broken down and grouped together 
for accounting purposes.  Each specific task was input into a program that 
electrical contractors use for estimating.  This program is Electrical Bid Manager 
and can be found at the following website 
http://www.visioninfosoft.com/products/electrical/ebm/.  The programs task is to 
calculate the time required for an individual task then it calculates and compiles 
every task to give an overall number.  This helps a contractor give a solid number 
to a customer when asked to provide a service or bid on a job.  
 
This screenshot provides an example of the interface of the program.   
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 Figure 6.1-Screenshot of Electrical Bid Manager 
 
The total cost of labor of $820,778 does not include the costs of materials which 
we calculated in the previous section when adding up the materials for each 
specific task.  This cost corresponds to 17,843 hours, which depending on the crew 
size we can determine how long the project will take to complete.  For the purpose 
of estimating we will assume a crew size of 30 individuals to complete the tasks.  
Therefore the project will last a total of 17,843 hours divided by 40 hours per week 
and the amount of individuals, or 15 weeks.   
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CHAPTER 7. TRANSPORTATION OF MATERIALS 
Being that Hawaii is a remote island in the middle of the pacific the majority of the 
products and materials must be shipped over on a barge from Seattle or San Francisco.  
For the ease of calculating we will assume all materials be transported by freight from the 
port of Seattle.  We will estimate the cost of shipping and also the emissions associated 
with shipping sea containers from Seattle, WA to Kona, HI.   
To ship all of the materials from Seattle to Hawaii we will need to send around 40 
shipping containers of 40’ a piece.  Each one of these shipping containers has a payload 
weight of roughly 40,000 pounds.  To calculate the emissions associated with the total 
shipment we will have to calculate the emissions of the ship in total, divided by the 
percentage of weight that applies to our materials for the project.  The total weight of 
materials estimated is 1,600,000 pounds.  
According to a study done by the European Chemical Industry council the total 
emissions when transporting materials by ocean freight can be calculated using the 
following statistics (Council, 2011).  
Considering that 1,600,000 pounds is 800 tonnes, and the journey from Seattle to Hawaii 
is 2,666miles or 4290 kilometers we can calculate the total CO2 emissions associated 
with this shipment is:  
  
 𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑑𝑑𝑠𝑠 ∗ 𝐾𝐾𝑎𝑎 ∗ 𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎𝑠𝑠𝑔𝑔𝑔𝑔2         800 ∗ 4290 ∗ 7 = 2,400 𝑎𝑎𝑇𝑇𝑠𝑠𝑠𝑠 𝑇𝑇𝑜𝑜 𝑔𝑔02 
The number seven in the following equation is used per the previously mentioned study, 
which associates to the amount of emissions per ton of materials per kilometer when 
shipping with large freight vessels (Council, 2011).  
 
As we can see the amount of CO2 associated with solely the transportation of the material 
is not a small number and can be compared to that of the emissions of 533 cars over the 
course of the year, according to average values given by the EPA and Federal Highway 
Administration (Administration F. H., 2011) . 
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CHAPTER 8. FINANCIAL COSTS OF PROPOSED SYSTEM 
The following chapter will lay out the entire costs associated with the solar project, 
including all of the materials, labor, shipping and equipment needed.  These values are 
estimated using prices from known suppliers which are available online.   An exhaustive 
list of the suppliers will be provided in the appendix of the research paper in order to 
ensure that the proposed cost is accurate.  Since the goal of this paper is to determine 
the total cost we will only separate the costs by three different categories 
• Shipping 
• Labor  
• Materials  
8.1 Shipping 
 Shipping of materials will be done using a service provided through Dependable 
Hawaii Express (DHX) Hawaii out of the port of Seattle.  The quotes that are used 
for the shipping aspect will be calculated using estimates given over a phone 
conversation with their billing department on October 1st 2014.  These quotes 
provided were for 40 foot long sea containers, full, as mentioned in the chapter 
where the emissions associated with trans-pacific freight were calculated.  In order 
to ship over all of the materials we will be sending forty of these containers in total.  
The estimated cost to ship a container port to port is 9,000 USD.  So the total cost 
of shipping in monetary terms is 360,000 USD.  The items will then be received at 
the nearest port and delivered to the job site by the construction team.  
8.2 Labor 
 Labor costs associated with the job have already been calculated in chapter 6.  
The labor costs were calculated by using the standard rate of pay for an electrician 
over the course of the entire project, hours estimated using previous projects in 
similar size and time associated with each task per electrical bid manager, a 
program used in the electrical contracting field.  The total amount of this estimate 
is $820778. 
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8.3 Materials 
 Estimating the cost of materials will be broken down into specific tasks.  Since the 
modules are sourced from SunPower completely, a total number will be assigned 
to them.  The steel structure will be separate as well and finally the materials as 
estimated by the author will be grouped into a single category 
  
 8.3.1 Modules 
SunPower will provide the 14,440 modules that are needed for the job.  SunPower 
has provided me with two different prices, one for wholesale on jobs that they own 
and one price for the consumer.  These two prices vary drastically, but assuming 
that the modules are bought directly from SunPower for a larger project we will use 
the price for wholesale jobs.  SunPower themselves when they install a project 
estimate a price of 650 USD, and to the consumer a price of 1,000 USD.  14,440 
SunPower 327 modules at a price of 650 equates to a total of 9,386,000 USD.   
 
 8.3.2 Steel Structure 
The total cost of the steel structure was estimate in a previous chapter when 
discussing materials.  By using a bid for a smaller system of the same design and 
extrapolating to accommodate the total the author has estimated a price for the 
total steel structure.  This price is 1,500,000 USD for the support system and 
racking for the modules.   
 
 8.3.3 Construction Materials 
This portion of the costs is estimated by taking every component in the job and 
assigning a bulk price per part.  Prices have been estimated by using the largest 
suppliers in the Seattle area.   Below is a list of the suppliers that were used for 
estimating purposes. 
• McMaster Carr 
• All-phase Electric 
• Platt 
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• WESCO  
Attached in the appendix is a budgetary quote provided to me by all-phase electric 
out of Washington State with the materials that are used for construction.  They do 
not carry some of the products so the author has used the prices found online from 
one of the reputable dealers listed above.  
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Item  Quantity Units Price 
per 
Total 
#2 15KV Wire  2000 Feet n/a  $     
8,550.00  
#2 Ground Wire  2000 Feet n/a  $     
2,730.00  
3/8 Concrete 
anchors 
 8 E n/a  $        
157.63  
3/8x20 Fender 
Washer 
 8 E n/a  $             
7.74  
600kCMIL THWN  3600 Feet n/a  $   
40,680.00  
3/0 THWN  1200 Feet n/a  $     
3,736.12  
3/8 Concrete 
anchors 
 16 E n/a  $                 -    
3/8x20 Fender 
Washer 
 16 E n/a  $                 -    
400kCMIL Wire  21000 Feet n/a  $ 
150,360.00  
2/0 Ground Wire  7000 Feet n/a  $   
19,528.00  
4" Schedule 40 
PVC 
 7000 Feet n/a  $   
14,997.00  
3/8 Concrete 
anchors 
 80 E n/a  $                 -    
3/8x20 Fender 
Washer 
 80 E n/a  $                 -    
1/4-20 Bolt 
Stainless Steel 
 57760 E n/a  $   
87,224.00  
1/4-20 nut 
Stainless steel 
 57760 E n/a  $     
8,724.00  
WIRE, SOLAR 
ARRAY #10 AWG 
 272000 Feet 0.213  $   
57,936.00  
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Table 8.1- Financial Burden Materials 
 
 
 
 
 
 
 
Grounding Weeb  28880 E 0.99  $   
28,591.20  
Solar Zip-ties  28880 E 0.0599  $     
1,729.91  
Combiner boxes 
12x12 
 100 E n/a  $   
15,937.00  
#8 AWG THWN  36000 Feet   $     
4,195.00  
#10 AWG THWN  12000 Feet 0.213  $     
2,556.00  
1" Schedule 40 
PVC 
 12000 Feet .35  $  4,000 
               -    
1/4-20 Bolt 
Stainless Steel 
 400 E n/a  $                 -    
1/4-20 nut 
Stainless Steel 
 400 E n/a  $                 -    
1/4 Washer 
Stainless Steel 
 400 E n/a  $           
80.00  
      $ 
447,719.60  
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CHAPTER 9. ENERGY ANALYSIS OF PROPOSED SYSTEM 
The following section will deal with the energy analysis of the final project.  This will take 
into account the local climate and try to estimate the closest number of MWh produced 
over the course of a year.  This in turn will help draw a comparison of the ROI when 
compared to the total price of the project including labor.   
RETScreen will be used to calculate the total estimated energy production over the 
course of the year.  RETscreen is a clean energy project analysis software provided by 
the government of Canada in order to calculate the benefits and costs of renewable 
energy around the globe.  The software will be utilized only for estimating the production 
of energy since the economic side of the project has been estimated by using excel and 
values from various different sources and compiled together to obtain the total costs. 
 
Figure 9.1 Screenshot of RETscreen Project Page 
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 The above screenshot is from RETscreen.  The proposed energy system for this project 
is a photovoltaic system, using currency and units from the United States.  The data 
collected for the climate pertains to the weather station from Nasa at the Keahole 
International Airport in Kailua-Kona, Hawaii, only a few kilometers away from the 
proposed location of the project.  The next step in this program is to input all of the 
variables in order to estimate the total amount of electricity produced every year.  By using 
the data that we input according to the specification sheets for the modules and inverters 
RETscreen is able to properly calculate total energy production by month and annually.   
A step by step explanation of each one of the following cells will help better understood 
the process of the program.  RETscreen allows two analysis type, one of which estimates 
a generic production based on the nominal capacity factor of a certain region.  Analysis 
type two allows the user to customize the parameters in the study to adhere to a specific 
project. For the application in this project, method type 2 will be used.   
First, the slope and azimuth must be input into the program, and in this case we will ignore 
the solar tracking as our array will be fixed at an angle of 4 degrees throughout the year.  
Next we will have to tell RETscreen what the electricity export rate is for the region of 
Hawaii that we are in.  HELCO the public utility has a feed-in tariff for renewable energy 
depending on the project size and the type of energy.  In our case, the project falls in the 
largest of the categories for photovoltaic, tier 3.  In tier 3 the operator is allowed to install 
a system between 500kW and 5MW and will receive a total amount of 19.7 cents per 
kWh.  If we multiply this number by one thousand we will receive the price they pay back 
per MWh at 197 USD.   
The parameters and characteristics of the specific solar farm must be input in the following 
section.  The user will define the type of module which in this case is a SunPower 327 
module, with an efficiency of 20.4% per the specification sheet provided by SunPower 
and attached in the appendix.   
When calculating the production, miscellaneous losses also have to be taken into 
account.  We can define these as shading, debris or dirt covering the modules, 
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miscommunication between modules and loss of heat or energy throughout the wiring 
and electrical.  This value has been taken from PV Watts as a rough estimate for average 
losses in efficiency from the previous factors on the production of energy.  
The project will have a total capacity of 5,000kW and the inverters, made by Solaron, 
have an efficiency rating average of 98.1% when converting the electricity from DC to AC.  
With all of these inputs RETscreen then provides the user with a total amount of electricity 
exported to the grid and a capacity factor.  The capacity factor of the PV array is just 
below 20% meaning that it is producing 20% of the total energy that the installation could 
produce in a single instant.  The total electricity exported to the grid in a single year is 
7,491 MWh.   
Since we already have the amount in USD that HELCO is willing to pay the energy 
producer we can then calculate the total payback amount for the first year and each year 
following 
𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑡𝑡 𝑑𝑑𝑠𝑠𝑑𝑑𝑠𝑠𝑠𝑠𝑒𝑒 𝑠𝑠𝑠𝑠 𝑎𝑎𝑇𝑇𝑡𝑡𝑡𝑡𝑎𝑎𝑠𝑠𝑠𝑠 𝑑𝑑𝑒𝑒𝑠𝑠𝑇𝑇𝑠𝑠𝑎𝑎𝑑𝑑𝑎𝑎 𝑎𝑎𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎 = 7,491 ∗ 197 = $1,475,727 
Now compare that to the price that HELCO charges to the average consumer for 
electricity.  If we take an average price of the range that was published earlier in chapter 
three of around 42 cents a kWh we can safely say that HELCO is still making money from 
the consumer.   
𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑡𝑡 𝑔𝑔𝑇𝑇𝑠𝑠𝑎𝑎 𝑎𝑎𝑇𝑇 𝑎𝑎ℎ𝑑𝑑 𝑔𝑔𝑇𝑇𝑠𝑠𝑠𝑠𝑎𝑎𝑎𝑎𝑑𝑑𝑠𝑠 𝑇𝑇𝑜𝑜 𝑑𝑑𝑡𝑡𝑑𝑑𝑒𝑒𝑎𝑎𝑠𝑠𝑠𝑠𝑒𝑒𝑠𝑠𝑎𝑎𝑒𝑒 = 7,491 ∗ (. 42 ∗ 1000) = $3,146,220 
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 Figure 9.2 Screenshot of RETscreen Results 
 
46 
 
Chapter 10. Financial Return on Investment 
The following chapter will cover the primary concern for most investors in the economy.  
How long will the project take to pay itself off?  The author has obtained all of the costs 
associated with the proposed project in the previous chapters.  By taking all of the costs 
and making them a lump sum we can use the energy analysis and prices that the local 
utility pays back to the producer according to the research done and find a return of 
investment for the project.  Below we will do this calculation based on the number of years 
to find a real rate of return on the investment.   
Total Cost : $ 12,514,497.60 
 
This equates to 2.66 cents per watt, which is above the national average but because of 
the cost of labor and shipping the price increases.  By taking this total number we can 
calculate the amount of years until the project turns a profit.  In the previous chapter we 
estimated that $1,475,727 would be exported to the grid per year.  The following graph 
will give the timeline for a return on investment. 
 
 
Figure 10.1 Financial Return on Investment – Source: Author 
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The return on investment for this project can be calculated by finding x in the following 
equation.  1475727 ∗ 𝑒𝑒 = 12514497.6 
𝑒𝑒 = 8.4802 𝑒𝑒𝑑𝑑𝑎𝑎𝑠𝑠𝑠𝑠 
After 8 years and 6 months the proposed project will be completely paid for and turn a 
profit.  This does ignore yearly maintenance since it is an unknown and assumed that it 
will not change the total cost.  It also assumes that the price per watt that the local utility 
pays does not change. 
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Chapter 11. LCA Analysis of Materials 
Since the focus of this study is on renewable energy, an in depth look at the life-cycle 
analysis of each of the components must be done.  An LCA, or life-cycle analysis is the 
methodology to measure the entire life of a product, sometimes known as cradle to cradle 
or cradle to grave.  The difference between the last two distinctions are what the world is 
trying to put more attention to.  Products that go from the cradle to the grave are 
essentially just disposed of afterwards leading to increased waste and emissions, since 
each new product needs new inputs.  By leaning more from cradle to cradle the materials, 
or what is usable, are recycled and applied to the manufacturing process in order to save 
on waste.   
In this particular study the author will be ignoring the effect that recycling has on the 
project, assuming that all of the components that are used in the project will remain there 
for the products life, or until they are no longer re-usable as a source of recycled material.   
To understand the emissions associated with the entire scope of the proposed project the 
author intends to use GABI software in addition to an exhaustive list of materials to 
understand and study the LCA of each component involved.  The first step of the process 
is to take the entire list of materials and separate it by material of construction.  Once we 
have the type of material we can take each component and assign a weight to the item.  
Weights will be estimated using cut sheets from the various parts.  Weights that cannot 
be acquired online will be weighed using a scale by the author.   
First we will evaluate the materials that are associated with the installation of the proposed 
project, excluding the modules themselves and the steel structure. 
Once each material is evaluated the total emissions associated with these materials will 
be compared to that of the energy mix of production in Hawaii and the investigation will 
calculate how long it will take to mitigate carbon emissions by substituting solar for crude 
oil energy production.  
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Item3  Quantity Weight 
per 
Total weight in 
pounds 
Material 
#2 15KV Wire  2000 0.20099 401.98 Copper 
#2 Ground Wire  2000 0.20099 401.98 Copper 
3/8 Concrete anchors  8 0.21 1.68 Stainless 
Steel 
3/8x20 Fender Washer  8 0.01 0.08 Stainless 
Steel 
600kCMIL THWN  3600 1.987 7153.2 Copper 
3/0 THWN  1200 0.50794 609.528 Copper 
3/8 Concrete anchors  16 0.21 3.36 Stainless 
Steel 
3/8x20 Fender Washer  16 0.01 0.16 Stainless 
Steel 
400kCMIL Wire  21000 1.334 28014 Copper 
2/0 Ground Wire  7000 0.2099 1469.3 Copper 
4" Schedule 40 PVC  7000 2 14000 PVC 
3/8 Concrete anchors  80 0.21 16.8 Stainless 
Steel 
3/8x20 Fender Washer  80 0.01 0.8 Stainless 
Steel 
1/4-20 Bolt Stainless 
Steel 
 57760 0.02 1155.2 Stainless 
Steel 
1/4-20 nut Stainless 
steel 
 57760 0.001 57.76 Stainless 
Steel 
WIRE, SOLAR ARRAY 
#10 AWG 
 272000 0.031 8432 Copper 
3 All wire weights from following paper: Magnet Wire General Engineering Data, Bare and Film Insulated 
Copper and Aluminum.  Published by Alcatel Cable 
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Grounding Weeb  28880 0.02 577.6 Stainless 
Steel 
Solar Zip-ties  28880 0.015 433.2 PVC 
Combiner boxes 12x12  100   Fiberglass 
#8 AWG THWN  36000 0.05 1800 Copper 
#10 AWG THWN  12000 0.031 372 Copper 
1" Schedule 40 PVC  12000 0.32 3840 PVC 
1/4-20 Bolt Stainless 
Steel 
 400 0.02 8 Stainless 
Steel 
1/4-20 nut Stainless 
Steel 
 400 0.001 0.4 Stainless 
Steel 
1/4 Washer Stainless 
Steel 
 400 0.001 0.4 Stainless 
Steel 
11 Table 11.1- Weight of materials  Source:  Author 
 
11.1 The first material that will be estimated for emissions is the stainless steel 
component.  The author will use data provided by the program Gabi to calculate LCAs 
of various materials.  For the purpose of this study we will ignore start with the steel 
sourced in the United States and transported to Seattle for production.  A flow chart 
will be attached to show the inputs and outputs of the process.  Since the life of the 
project is that of 20 years for the proposed project recycling of materials will not be 
taken into account.  This is because it is assumed that all materials will stay in the 
project for the rest of its life and attaching a recycle date on the use is unknown.  
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 Figure 11.1 Life Cycle Steel Bolt and Fasteners 
 
Above are the inputs and outputs of the production of a steel bolt, which can be applied 
to the total weight of all of the stainless steel fasteners in the project.  Steel billet is turned 
into steel wire rod which is then transported from the factory to Seattle where the fasteners 
will be formed.  To transport the steel an input is added for diesel to fuel the trucks and 
their delivery.  The bolts will be formed using an energy mix of the west coast of Seattle, 
where they will then be shipped by freight to the island of Hawaii.  The emissions of ocean 
freight have been calculated in the previous sections.   
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Figure 11.2 GHG Emissions Steel Bolt and Fasteners 
 
Roughly 1,360kg of CO2 are associated with the total production of the steel fasteners 
before they are transported to Hawaii.   
11.2 Insulated copper wire will also be used in the project.  Following the same process 
as we did with the stainless steel fasteners we will assign emission values with the 
production of the total weight of copper as calculated in the beginning of this chapter.   
 
Figure 11.3 Life Cycle Copper Wire 
 
 
Data from the Unites States for the copper mix was unavailable with the LCA software so 
the data was used from Germany.  This should provide us a rough estimate of the 
emissions even though it does not pertain to the geographical location of production.  The 
other inputs such as fuel and electricity to produce a single foot of wire, and extrapolated 
to the match the total amount remain constant as if the materials were being made in 
Seattle.  The following chart will show the amount of kg of carbon emissions associated 
with the process to create copper wire, insulated by plastic.  
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 Figure 11.4 – GHG Emissions Copper Wire 
The total carbon emissions that go into making copper wire far exceed that of stainless 
steel.  This is due to the quantity and also the energy intensity of forming the copper 
strands.  A total estimate of 500,000 kg of CO2 are emitted into the atmosphere.  This 
brings our running total to 501,360 kg CO2. 
11.3 Steel Structure Emissions 
The steel involved in the construction process of the solar farm already has a large 
amount of emissions associated with transportation.  To better quantify the total effect of 
emissions on the project, this study will do an LCA analysis just as the previous two 
sections to calculate the amount of CO2.  The steel design specifications have been 
obtained from silverback solar, a reputable steel structure supplier for solar projects.   
There is a total of 46,200 feet of steel structure made out of 2.5” steel tubing.  By obtaining 
the weight of one ten foot stick of steel tubing we can estimate the total weight of the 
project.  By obtaining the weight of a single stick on a current project it is estimated that 
the steel weighs around 5.5 pounds per foot.  This would make a total of 260,000 pounds 
of steel material in order to build the support structure to install the modules.   
Energy intensity for this step of the analysis is taken from a report from the Argonne 
National Laboratory which forms part of the U.S. Department of Energy Laboratory, 
working closely in emissions and energy consumption when dealing with methods of 
transportation.  By using the data collected from the study for the production of steel parts 
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in automobiles we can draw an assumption and use these values for the purpose of the 
study.  The steel is formed from steel sheet and rolled into the pieces that we want.  
According to the study it will take 45.1 MJ/kg to forge the steel into the pieces that we 
need for the structure (J.L Sullivan, 2010).  Below are the results when all of the inputs 
and outputs are introduced into Gabi.  The emissions of CO2 from these processes total 
to a little over 2.5 million kg.   
 
Figure 11.5- Life Cycle Steel Structure 
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Figure 11.6- GHG Emissions Steel Structure 
 
11.4 PVC Pipe emissions 
Polyvinyl chloride is one of the most common plastics used in the construction industry.  
It has the ability to be formed into conduit that is widely used for transporting conductor 
cables in the electrical industry.  This project uses PVC conduit in order to run the 
electrical wires, above and below ground, in order to transport electricity.  The following 
LCA will be done with the assumption that all conduit is schedule 40 pvc, the most 
common type used in these types of projects.   
First, the total footage of PVC can be obtained from data collected in previous chapters 
and totals to 17,840 pounds.  The solar zip-ties that are used in the project are also made 
of PVC and total to a weight of nearly 450 pounds.  With a total weight of 18290 pounds 
of PVC, Gabi will assist in the calculation of emissions to end use.   
For this process, Gabi already has the necessary information in their database with the 
energy intensity and emissions to form PVC conduit.  For this the underlying data is 
already calculated and by created a model only including transportation the emissions 
results will be given.  This process has roughly 60,000 kg of CO2 emissions associated 
with it.  
 
 
Figure 11.7- Life Cycle PVC Conduit 
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Figure 11.8- GHG Emissions PVC Conduit 
11.5 Module Emissions 
Obtaining the correct information on the materials that are used in the production of PV 
modules was difficult, in fact, the exact information pertaining to the 327 watt panel 
produced by SunPower was unavailable.  In this situation, the author resorted to using 
data collected from previous studies and different models of solar panels to come to an 
estimate.  It is known that 14,440 modules will be installed in this solar farm, so by finding 
the emissions associated with one panel we can know the total emissions in lieu of not 
having sufficient information. 
This specific module is a monocrystalline design.  The total weight of the panel is 41 
pounds, including the aluminum frame.  Since there are various components that are 
unknown in the course of construction and fabrication of the PV modules and where they 
originate from due to lack of data the information will be collected from an article in 
Environmental Science and Technology, from 2008.  The authors of this paper, Emissions 
from Photovoltaic Life Cycles will give the author the tools and information necessary to 
make an estimate for the proposed project that has been outlined in this thesis. 
During the course of the study the authors have separated the production of the pv 
modules into three separate categories, BOS, which pertains to the parts associated with 
installing the solar panel, such as mounts and cabling, which in this study will be ignored 
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as it has already been calculated in accordance to the proposed model.  The other two 
categories are the module frame itself and the module.  These specific SunPower 
modules are mono-si design, which has an emission factor of 42 gCO2/kWh. (Fthenakis, 
Kim, & Alsema, 2008).  By using the previously calculated data for the amount of kWh 
produced by the modules we can extrapolate their findings to make an estimate of the 
GHG emissions associated with the solar panels in the project.  
42 gCO2kWh ∗ 7,491 MWh = 314,622 KgCO2 
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Chapter 12. Emissions of Existing Utility Electricity Production 
This chapter will tackle the feat of assigning a value in carbon emissions to the existing 
utility production of the island of Hawaii.  By using table 3.1 and 3.2 from the previous 
chapters the author will use various methodologies in order to find a real value of carbon 
emissions.  In the following steps we will assume a petroleum heat rate of 10,991 btu/kWh 
per the EIA.  The total amount of electricity generated using oil-fired production from the 
local utility is 748,000,000 kWh.   4       748,000,000 ∗ 10,991 = 8,221,268,000,000 𝑏𝑏𝑎𝑎𝑎𝑎 8,221,268,000,000𝑏𝑏𝑎𝑎𝑎𝑎5,861,814𝑏𝑏𝑎𝑎𝑎𝑎 = 1,402,512 𝑏𝑏𝑎𝑎𝑠𝑠𝑠𝑠𝑑𝑑𝑡𝑡𝑠𝑠 𝑇𝑇𝑜𝑜 𝑇𝑇𝑠𝑠𝑡𝑡 
Now that we have the quantity of barrels of oil that the island of Hawaii burns to generate 
electricity in a single year we will be able to properly calculate the emissions.  According 
to data from the EPA the following values can be added to the electricity production in 
regards to emissions5.  
 Primary eGRID Subregion Total 
Output Emission Rates (lb/MWh) 
 
Emission 
Type 
Emission Factor Fuel Type MWh Total in lbs 
 lb/MWh    
CO2 1,330        Oil 748009.648 994,975,580 
CH2 0.0739848 Oil 748009.648 55,341.3442 
N20 0.0138818 Oil 748009.648 10,383.7203 
Table 12.1 Emissions Output Hawaii  Source: eGRID subregion and GHG emissions finder tool 
 
4 Heat rates acquired from EIA 
5eGRID subregion and GHG emissions finder tool 
Power Profiler ZIP Code Tool with eGRID Year 2010 Data 
5/19/2014, Version 5.1 
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We will use this data in the final chapter to calculate the mitigation of emissions over the 
course of a year by introducing electricity production from solar energy. 
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Chapter 13. Compare Findings 
Before any conclusions are drawn in the study, a comparison and summary of all of the 
findings is to be made.  Since the initial goal of the research paper was to compare the 
amount of emissions associated with all phases of constructing a solar farm, and 
comparing them to the already existing emissions of burning fossil fuels to create 
electricity we will start by totaling all emissions associated with the solar project.  To 
simplify the results, we will only be comparing the CO2 emissions.   
A running total of the emissions associate with the project can be seen in the following 
table created by the author using the information from previous chapters.   
Running Total of Emissions by Part kgCO2 
Fasteners (bolts,nuts,washers) 1360 
Copper Wire 500000 
Steel Structure 2500000 
PVC 60000 
PV Modules 314622 
Transportation 2177243.376 
Total 5,553,225.376 
Table 13.1-Total Emissions from Solar Farm  Source: Author 
In the previous chapter we calculated the total emissions associated with the existing 
utility.  It was calculated that 1,330 lbs of CO2 were emitted per MWh of energy produced.  
Referencing back to chapter 9, the potential production of the proposed system is 7,491 
MWh in a single year.  This would bring us to a total of 9.96 million pounds of CO2 
adverted in a single year.  Compared to the total emissions on the big island of Hawaii, 
we can only mitigate the amount of emissions by 1%.  Now, when adding the emissions 
associated with the project itself, that number will actually fall in the first year, but rise in 
the following years until the end of the project lifetime.   
9.96 tons of CO2 is associated with 14,025 barrels of oil.   The current price for a barrel 
of oil, according to the market price is around 80$ per barrel.  So the financial burden on 
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the local utility in monetary terms is 1.12 million dollars per year.  This is assuming that 
the demand for electricity remains constant, and that production will be lowered by 1% to 
match the new addition of PV energy.   
Since the entire cost of the project is around 12.5 million dollars, and the real return on 
investment was calculated by the price that the utility is willing to pay per kilowatt hour, 
an argument can be made the payback time would actually be less.  The reason this is 
not calculated into the initial return of investment though is that the investor does not see 
this savings, only does the purchaser of barrels of oil for the production of electricity.   
The real question is how the 9.96 million pounds of CO2 compares to the amount of CO2 
required to install a solar farm.   
After calculating the total GHG emissions with installing the solar farm we come up with 
a total of 5.53 million kg of CO2.  When comparing this to the amount of CO2 that is 
produced from the existing grid we get the following 4.39 million kg of CO2 from the grid 
and 5.53 million from the installation and production of the solar farm.   
Drawing a conclusion from this tells us that in a little over the year all of the emission that 
were included in the entire production of the solar farm will be equal to that of the 
emissions from the existing grid when producing the same as the farm will produce.   
These results show that within the first year the emission intensity for the produced 
electricity from the solar farm is actually higher than the grid.  After a year, the solar farm 
will go into a zero-emission state if we ignore the costs of operations and maintenance 
which all depend on the environment and unknown causes.   
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Chapter 14. Conclusions 
 
While looking at the results of the research most of the questions and concerns that were 
proposed in the first section of this paper have been answered.  The most important 
question aside from the design and electrical production was the carbon footprint that a 
project of this size would leave when all said and done.  The steps taken to calculate 
these emissions used many different tools and resources in order to attempt to answer 
this question.  There were some pieces and parts that were ignored for the reason that 
the information was unavailable and the total weight of the objects would not have a 
significant impact on the outcome.  
PV is always argued to be zero emissions energy and in a sense it is, but not as soon as 
it is installed.  There is a time period in which the emissions of the parts and transportation 
used in the project still have an effect on the environment.  There is also an end of life, 
which we assume that most of the materials will be re-used and recycled.  The end of life 
of the materials was not studied as the project lifetime is 25+ years and most of the 
materials are recyclable.  Ignoring end of life, we came up with the results that 5.5 million 
kg of CO2 would be associated with all of the steps of the project, from production to 
transportation to installation.  This number was then proven to equal itself out to zero 
emissions in just a year and a few months.  This means that after this time the project will 
in fact be a zero emissions project.  In the following and final chapter there will be 
recommendations that could reduce that number even more and start the zero emissions 
goal sooner rather than later. 
The next part of the problem was that the financial burden on the residents of the islands 
of Hawaii was significant due to their lack of resources and elevated prices.  The project 
itself, if the weather data remains the same over the course of the years will account for 
1% of the total electricity consumption on the big island of Hawaii.  One has to remember 
though that this size project is on the lower side of things, and if it were to increase, the 
dependency on fossil fuels for energy would lower.  Even so, with providing 1% of the 
demand from solar energy, it would save $3,146,220 for the consumers.   
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The issue with this assumption though is that the electricity that is provided from solar is 
bought by the local utility and then passed off to the consumers, so the price per kWh 
doesn’t actually decrease, but with enough saturation the goal is that it does.  
In just 8 and a half years the project pays itself off and is essentially producing free energy 
with zero emissions.  With a return on investment that short, if a group were able to come 
up with the capital it would be completely worth it. A total of $1,475,727 can be made in 
profit per year for the investment group after the initial payback.   
All in all, the installation of photovoltaic energy needs to increase to have a significant 
impact on the world.  Installing only 1% of the demand on the island of Hawaii will not 
change the price for the consumers since the saturation is not high enough.  If HELCO 
allowed more projects to happen and more investors were willing to spend the money the 
potential for solar energy is endless.  There is a sparse population and plenty of room for 
more installations.   
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Chapter 15. Recommendations 
The continuous investment in solar energy looks promising but as all things there is room 
for improvement.  This final chapter will get into detail ways that the proposed project, 
and future projects could lower their initial emissions and effects on the environment.  The 
issue with these recommendations though is that they all carry a financial burden that will 
also be explained.  The choice of which direction to go really depends on the investors 
and the goal they are searching to accomplish.   
First and foremost the materials that are used and provided on a standard PV job now in 
the United States are not green.  For example all of the wires and conduits are made out 
of PVC insulation which is a plastic that has a large footprint on the environment.  On the 
other hand there is not a lot to change when dealing with the structural aspect as metals 
continue to be the primary material in construction.  For this reason the focus of this 
chapter will be on the plastic components of the installation.   
There are two suggestions when discussing the use of PVC conduit.  One of the first 
suggestions is that direct burial wire be used in lieu of conduit.  The problem with this, 
and why it will be dismissed is that it makes it impossible to go back and find a short in a 
wire and fix it.  The second suggestion, which has a substantial financial burden is the 
installation of halogen free conduit or HFT. This conduit is free of all toxic gasses and 
would lower the environmental impact in production and end of life.  The cost is a 
substantial increase and with a project that uses thousands of feet of conduit would have 
a larger financial burden.  As stated before, there are two options when making the 
investment; either choosing finances first or the environment.   
Another suggestion that can be made to lower the end of life effect of materials is the 
choice of metal to implement in the project.  Almost all projects in Hawaii use hot dipped 
galvanized metal, which means that it is coated in zinc.  Zinc is not necessarily an element 
that is bad for you, yet when it is burned or incinerated it releases concentrated amounts 
that can be highly toxic if inhaled.  A way around this is to use all stainless steel, which 
once again, is more expensive. 
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In reality, the suggestions for materials can be argued back and forth from an 
environmental standpoint, whether it be end of life or the beginning of life.  Each one of 
these arguments will then be ignored due to financial costs, which leaves us with the need 
to develop new technologies for materials that have less impact on the environment.   
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AWG SIZE AWG BARE WIRE NOM. DIA. NOM.** NOM. R-40 %  † AWG SIZE
NOMINAL DIAMETER R-40 SERIES AWG AREA SERIES AREA NOM. DIA. NOM. AREA
inches millimeters* millimeters millimeters2 millimeters2 R-40 to AWG R-40 to AWG
4 0.2043 5.189 5.000 21.149 19.635 –3.6 –7.2 4
4.5 0.1928 4.897 4.750 18.835 17.721 –3.0 –5.9 4.5
5 0.1819 4.620 4.500 16.766 15.904 –2.6 –5.1 5
5.5 0.1717 4.361 4.250 14.938 14.186 –2.5 –5.0 5.5
6 0.1620 4.115 4.000 13.298 12.566 –2.8 –5.5 6
6.5 0.1529 3.884 3.750 11.846 11.045 –3.4 –6.8 6.5
7 0.1443 3.665 3.550 10.551 9.898 –3.1 –6.2 7
7.5 0.1362 3.459 3.350 9.400 8.814 –3.2 –6.2 7.5
8 0.1285 3.264 3.150 8.367 7.793 –3.5 –6.9 8
8.5 0.1213 3.081 3.000 7.456 7.069 –2.6 –5.2 8.5
9 0.1144 2.906 2.800 6.631 6.158 –3.6 –7.1 9
9.5 0.1080 2.743 2.650 5.910 5.515 –3.4 –6.7 9.5
10 0.1019 2.588 2.500 5.261 4.909 –3.4 –6.7 10
10.5 0.0962 2.443 2.360 4.689 4.374 –3.4 –6.7 10.5
11 0.0907 2.304 2.240 4.168 3.941 –2.8 –5.5 11
11.5 0.0856 2.174 2.120 3.713 3.530 –2.5 –4.9 11.5
12 0.0808 2.052 2.000 3.308 3.142 –2.5 –5.0 12
12.5 0.0763 1.938 1.900 2.950 2.835 –2.0 –3.9 12.5
13 0.0720 1.829 1.800 2.627 2.545 –1.6 –3.1 13
13.5 0.0679 1.725 1.700 2.336 2.270 –1.4 –2.8 13.5
14 0.0641 1.628 1.600 2.082 2.011 –1.7 –3.4 14
14.5 0.0605 1.537 1.500 1.855 1.767 –2.4 –4.7 14.5
15 0.0571 1.450 1.400 1.652 1.539 –3.5 –6.8 15
15.5 0.0539 1.369 1.320 1.472 1.368 –3.6 –7.0 15.5
16 0.0508 1.290 1.250 1.308 1.227 –3.1 –6.2 16
16.5 0.0480 1.219 1.180 1.167 1.094 –3.2 –6.3 15.5
17 0.0453 1.151 1.120 1.040 0.985 –2.7 –5.3 17
17.5 0.0427 1.085 1.060 0.924 .0882 –2.3 –4.5 17.5
18 0.0403 1.024 1.000 0.823 0.785 –2.3 –4.6 18
18.5 0.0380 0.965 0.950 0.732 0.709 –1.6 –3.1 18.5
19 0.0359 0.912 0.900 0.653 0.636 –1.3 –2.6 19
19.5 0.0339 0.861 0.850 0.582 0.567 –1.3 –2.6 19.5
20 0.0320 0.813 0.800 0.519 0.503 –1.6 –3.1 20
20.5 0.0302 0.767 0.750 0.462 0.442 –2.2 –4.4 20.5
21 0.0285 0.724 0.710 0.412 0.396 –1.9 –3.8 21
21.5 0.0269 0.683 0.670 0.367 0.353 –1.9 –3.8 21.5
22 0.0253 0.643 0.630 0.324 0.312 –2.0 –3.9 22
22.5 0.0239 0.607 0.600 0.289 0.283 –1.2 –2.3 22.5
23 0.0226 0.574 0.560 0.259 0.246 –2.4 –4.8 23
23.5 0.0213 0.541 0.530 0.230 0.221 –2.0 –4.0 23.5
24 0.0201 0.511 0.500 0.205 0.196 –2.1 –4.1 24
24.5 0.0190 0.483 0.475 0.183 0.177 –1.6 –3.1 24.5
25 0.0179 0.455 0.450 0.162 0.159 –1.0 –2.0 25
25.5 0.0169 0.429 0.425 0.145 0.142 –1.0 –2.0 25.5
Comparison between AWG and IEC R-40 Series Bare Wire Diameters
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Comparison between AWG and IEC R-40 Series Bare Wire Diameters (cont’d)
AWG SIZE AWG BARE WIRE NOM. DIA. NOM.** NOM. R-40 %  † AWG SIZE
NOMINAL DIAMETER R-40 SERIES AWG AREA SERIES AREA NOM. DIA. NOM. AREA
inches millimeters* millimeters millimeters2 millimeters2 R-40 to AWG R-40 to AWG
26 0.0159 0.404 0.400 0.128 0.126 –1.0 –1.9 26
26.5 0.0150 0.381 0.375 0.114 0.110 –1.6 –3.1 26.5
27 0.0142 0.361 0.355 0.102 0.0990 –1.6 –3.1 27
27.5 0.0134 0.340 0.335 0.0910 0.0881 –1.6 –3.1 27.5
28 0.0126 0.320 0.315 0.0804 0.0779 –1.6 –3.1 28
28.5 0.0119 0.302 0.300 0.0718 0.0707 –0.7 –1.5 28.5
29 0.0113 0.287 0.280 0.0647 0.0616 –2.4 –4.8 29
29.5 0.0106 0.269 0.265 0.0569 0.0552 –1.6 –3.1 29.5
30 0.0100 0.254 0.250 0.0507 0.0491 –1.6 –3.1 30
30.5 0.0095 0.241 0.236 0.0457 0.0437 –2.2 –4.3 30.5
31 0.0089 0.226 0.224 0.0401 0.0394 –0.9 –1.8 31
31.5 0.0084 0.213 0.212 0.0358 0.0353 –0.6 –1.3 31.5
32 0.0080 0.203 0.200 0.0324 0.0314 –1.6 –3.1 32
32.5 0.0075 0.191 0.190 0.0285 0.0284 –0.3 –0.5 32.5
33 0.0071 0.180 0.180 0.0255 0.0254 –0.2 –0.4 33
33.5 0.0067 0.170 0.170 0.0227 0.0227 –0.1 –0.2 33.5
34 0.0063 0.160 0.160 0.0201 0.0201 0.0 0.0 34
34.5 0.0059 0.150 0.150 0.0176 0.0177 0.1 0.2 34.5
35 0.0056 0.142 0.140 0.0159 0.0154 –1.6 –3.1 35
35.5 0.0053 0.135 0.132 0.0142 0.0137 –1.9 –3.9 35.5
36 0.0050 0.127 0.125 0.0127 0.0123 –1.6 –3.1 36
36.5 0.0047 0.119 0.118 0.0112 0.0109 –1.2 –2.3 36.5
37 0.0045 0.114 0.112 0.0103 0.00985 –2.0 –4.0 37
37.5 0.0042 0.107 0.106 0.00894 0.00882 –0.6 –1.3 37.5
38 0.0040 0.102 0.100 0.00811 0.00785 –1.6 –3.1 38
38.5 0.0037 0.094 0.095 0.00694 0.00709 1.1 2.2 38.5
39 0.0035 0.089 0.090 0.00621 0.00636 1.2 2.5 39
39.5 0.0033 0.084 0.085 0.00552 0.00567 1.4 2.8 39.5
40 0.0031 0.079 0.080 0.00487 0.00503 1.6 3.2 40
40.5 0.0030 0.076 0.075 0.00456 0.00442 –1.6 –3.1 40.5
41 0.0028 0.071 0.071 0.00397 0.00396 –0.2 –0.3 41
41.5 0.0026 0.066 0.067 0.00343 0.00353 1.5 2.9 41.5
42 0.0025 0.064 0.063 0.00317 0.00312 –0.8 –1.6 42
42.5 0.0024 0.061 0.060 0.00292 0.00283 –1.6 –3.1 42.5
43 0.0022 0.056 0.056 0.00245 0.00246 0.2 0.4 43
43.5 0.0021 0.053 0.053 0.00223 0.00221 –0.6 –1.3 43.5
44 0.0020 0.051 0.050 0.00203 0.00196 –1.6 –3.1 44
44.5 0.0019 0.048 0.0475 0.00183 0.00177 –1.6 –3.1 44.5
* These diameters are rounded numbers calculated from the inch value.
** The nominal areas of AWG wires have been calculated in square inches and then converted to square millimeters.
† The differences in diameter and area have been calculated from values more precise than those shown in the table.
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Bare Wire Data/Annealed Copper – AWG Sizes
AWG BARE WIRE DIAMETER NOMINAL AREA RESISTANCE AT 20°C PHYSICAL DATA FOR NOMINAL DIAMETER AWG
SIZE Minimum Nominal Maximum Min. Dia. Nom. Dia. Max. Dia. SIZE
cir. sq. sq. ohms/ ohms/ ohms/ ohms/ ohms/ ohms/ lbs/
in mm in mm in mm mils mils mm 1000ft km 1000ft km 1000ft /km 1000 ft kg/km ft/lb m/kg
2 .2550 6.477 .2576 6.543 .2602 6.609 66360 52120 33.62 .1595 .5233 .1563 .5128 .1532 .5026 200.9 298.9 4.979 3.346 2
3 .2271 5.768 .2294 5.827 .2317 5.885 52620 41330 26.66 .2011 .6598 .1971 .6466 .1932 .6338 159.3 237.0 6.278 4.219 3
4 .2023 5.138 .2043 5.189 .2053 5.215 41740 32780 21.15 .2534 .8314 .2485 .8152 .2461 .8073 126.3 188.0 7.915 5.320 4
5 .1801 4.575 .1819 4.620 .1828 4.643 33090 25990 16.77 .3198 1.049 .3135 1.028 .3104 1.018 100.2 149.0 9.985 6.711 5
6 .1604 4.074 .1620 4.115 .1628 4.135 26240 20610 13.30 .4031 1.323 .3952 1.297 .3913 1.284 79.44 118.2 12.59 8.460 6
7 .1429 3.630 .1443 3.665 .1450 3.683 20820 16350 10.55 .5079 1.666 .4981 1.634 .4933 1.618 63.03 93.78 15.87 10.66 7
8 .1272 3.231 .1285 3.264 .1292 3.282 16510 12970 8.367 .6410 2.103 .6281 2.061 .6213 2.038 49.98 74.37 20.01 13.45 8
9 .1133 2.878 .1144 2.906 .1150 2.921 13090 10280 6.631 .8080 2.651 .7925 2.600 .7842 2.573 39.61 58.94 25.24 16.97 9
10 .1009 2.563 .1019 2.588 .1024 2.601 10380 8155 5.261 1.019 3.342 .9988 3.277 .9891 3.245 31.43 46.77 31.82 21.38 10
11 .0898 2.281 .0907 2.304 .0912 2.316 8226 6461 4.168 1.286 4.220 1.261 4.136 1.247 4.091 24.90 37.05 40.16 26.99 11
12 .0800 2.032 .0808 2.052 .0812 2.062 6528 5127 3.308 1.621 5.317 1.589 5.212 1.573 5.161 19.76 29.40 50.60 34.01 12
13 .0713 1.811 .0720 1.829 .0724 1.839 5183 4071 2.627 2.040 6.693 2.001 6.564 1.979 6.492 15.69 23.35 63.73 42.83 13
14 .0635 1.613 .0641 1.628 .0644 1.636 4108 3227 2.082 2.572 8.439 2.524  8.282 2.501 8.205 12.44 18.51 80.41 54.04 14
15 .0565 1.435 .0571 1.450 .0574 1.458 3260 2560 1.652 3.249 10.66 3.181 10.44 3.148 10.33 9.869 14.68 101.3 68.10 15
16 .0503 1.278 .0508 1.290 .0511 1.298 2580 2026 1.308 4.099 13.45 4.019 13.19 3.972 13.03 7.811 11.62 128.0 86.04 16
17 .0448 1.138 .0453 1.151 .0455 1.156 2052 1611 1.040 5.168 16.95 5.054 16.58 5.010 16.44 6.211 9.242 161.0 108.2 17
18 .0399 1.013 .0403 1.024 .0405 1.029 1624 1275 .8229 6.515 21.37 6.386 20.95 6.323 20.75 4.916 7.314 203.4 136.7 18
19 .0355 .902 .0359 .912 .0361 .917 1288 1012 .6530 8.230 27.00 8.047 26.40 7.959 26.11 3.901 5.804 256.3 172.3 19
20 .0317 .805 .0320 .813 .0322 .818 1024 804.2 .5189 10.32 33.86 10.13 33.23 10.00 32.82 3.100 4.612 322.6 216.8 20
21 .0282 .716 .0285 .724 .0286 .726 812.3 637.9 .4116 13.04 42.79 12.77 41.89 12.68 41.60 2.459 3.658 406.7 273.4 21
22 .0250 .635 .0253 .643 .0254 .645 640.1 502.7 .3243 16.59 54.44 16.20 53.16 16.08 52.74 1.937 2.883 516.1 346.9 22
23 .0224 .569 .0226 .574 .0227 .577 510.8 401.1 .2588 20.67 67.82 20.31 66.62 20.13 66.04 1.546 2.300 646.8 434.7 23
24 .0199 .505 .0201 .511 .0202 .513 404.0 317.3 .2047 26.19 85.93 25.67 84.22 25.42 83.39 1.223 1.820 817.7 549.6 24
25 .0177 .450 .0179 .455 .0180 .457 320.4 251.6 .1624 33.11 108.6 32.37 106.2 32.01 105.0 .9698 1.443 1031 693.0 25
26 .0157 .399 .0159 .404 .0160 .406 252.8 198.6 .1281 42.08 138.0 41.03 134.6 40.51 132.9 .7652 1.139 1306 878.3 26
27 .0141 .358 .0142 .361 .0143 .363 201.6 158.4 .1022 52.17 171.2 51.44 168.8 50.72 166.4 .6103 .9081 1638 1101 27
28 .0125 .317 .0126 .320 .0127 .323 158.8 124.7 .0804 66.38 217.8 65.33 214.3 64.30 211.0 .4806 .7150 2080 1398 28
29 .0112 .284 .0113 .287 .0114 .290 127.7 100.3 .0647 82.68 271.3 81.23 266.5 79.81 261.8 .3865 .5751 2587 1738 29
30 .0099 .251 .0100 .254 .0101 .257 100.0 78.54 .0507 105.8 347.2 103.7 340.3 101.7 333.6 .3027 .4504 3303 2220 30
31 .0088 .224 .0089 .226 .0090 .229 79.21 62.21 .0401 133.9 439.4 130.9 429.6 128.0 420.1 .2398 .3567 4170 2803 31
32 .0079 .201 .0080 .203 .0081 .206 64.00 50.27 .0324 166.2 545.2 162.1 531.7 158.1 518.6 .1937 .2882 5162 3469 32
33 .0070 .178 .0071 .180 .0072 .183 50.41 39.59 .0255 211.7 694.4 205.7 675.0 200.1 656.4 .1526 .2270 6553 4404 33
34 .0062 .157 .0063 .160 .0064 .163 39.69 31.17 .0201 269.8 885.2 261.3 857.3 253.2 830.7 .1201 .1788 8323 5594 34
35 .0055 .140 .0056 .142 .0057 .145 31.36 24.63 .0159 342.9 1124 330.7 1085 319.2 1047 .0949 .1412 10530 7080 35
36 .0049 .124 .0050 .127 .0051 .130 25.00 19.63 .0127 432.0 1417 414.9 1361 398.8 1308 .0757 .1126 13210 8881 36
37 .0044 .112 .0045 .114 .0046 .117 20.25 15.90 .0103 535.7 1757 512.2 1680 490.2 1608 .0613 .0912 16310 10960 37
38 .0039 .099 .0040 .102 .0041 .104 16.00 12.57 .0081 681.9 2237 648.2 2126 617.0 2024 .0484 .0721 20650 13880 38
39 .0034 .086 .0035 .089 .0036 .091 12.25 9.621 .0062 897.2 2943 846.7 2777 800.3 2625 .0371 .0552 26970 18130 39
40 .0030 .076 .0031 .079 .0032 .081 9.610 7.548 .0049 1152 3780 1079 3540 1012 3322 .0291 .0433 34380 23100 40
41 .0027 .069 .0028 .071 .0029 .074 7.840 6.157 .0040 1422 4667 1322 4340 1233 4046 .0237 .0353 42140 28320 41
42 .0024 .061 .0025 .064 .0026 .066 6.250 4.909 .0032 1800 5907 1659 5444 1534 5033 .0189 .0281 52860 35530 42
43 .0021 .053 .0022 .056 .0023 .058 4.840 3.801 .0025 2351 7715 2142 7030 1960 6432 .0147 .0218 68260 45880 43
44 .0019 .048 .0020 .051 .0021 .053 4.000 3.142 .0020 2773 9425 2592 8506 2351 7715 .0121 .0180 82590 55510 44
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Bare Wire Data/Annealed Copper – Half AWG Sizes
AWG BARE WIRE DIAMETER NOMINAL AREA RESISTANCE AT 20°C PHYSICAL DATA FOR NOMINAL DIAMETER AWG
SIZE Minimum Nominal Maximum Min. Dia. Nom. Dia. Max. Dia. SIZE
cir. sq. sq. ohms/ ohms/ ohms/ ohms/ ohms/ ohms/ lbs/
in mm in mm in mm mils mils mm 1000ft km 1000ft km 1000ft /km 1000 ft kg/km ft/lb m/kg
2.5 .2406 6.111 .2431 6.175 .2455 6.236 59100 46410 29.94 .1792 .5878 .1755 .5758 .1721 .5646 178.9 266.2 5.590 3.757 2.5
3.5 .2144 5.446 .2165 5.499 .2176 5.527 46870 36810 23.75 .2256 .7402 .2213 .7260 .2190 .7186 141.9 211.1 7.048 4.737 3.5
4.5 .1908 4.846 .1928 4.897 .1938 4.923 37170 29190 18.84 .2849 .9347 .2790 .9145 .2761 .9060 112.5 167.4 8.888 5.973 4.5
5.5 .1700 4.318 .1717 4.361 .1726 4.384 29480 23150 14.94 .3589 1.177 .3518 1.154 .3481 1.142 89.24 132.8 11.21 7.532 5.5
6.5 .1514 3.846 .1529 3.884 .1537 3.904 23380 18360 11.85 .4525 1.484 .4436 1.456 .4390 1.440 70.76 105.3 14.13 9.498 6.5
7.5 .1348 3.424 .1362 3.459 .1368 3.475 18550 14570 9.400 .5708 1.873 .5591 1.834 .5542 1.818 56.15 83.55 17.81 11.97 7.5
8.5 .1200 3.048 .1212 3.078 .1218 3.094 14690 11540 7.443 .7203 2.363 .7061 2.316 .6991 2.294 44.46 66.16 22.49 15.12 8.5
9.5 .1069 2.715 .1080 2.743 .1085 2.756 11660 9160 5.910 .9076 2.978 .8892 2.917 .8810 2.890 35.31 52.53 28.32 19.04 9.5
10.5 .0952 2.418 .0962 2.443 .0966 2.454 9254 7268 4.689 1.144 3.755 1.121 3.677 1.111 3.646 28.01 41.68 35.70 23.99 10.5
11.5 .0848 2.154 .0856 2.174 .0860 2.184 7327 5754 3.713 1.442 4.732 1.415 4.644 1.402 4.601 22.18 33.00 45.09 30.30 11.5
12.5 .0755 1.918 .0763 1.938 .0767 1.948 5821 4572 2.950 1.820 5.969 1.782 5.845 1.763 5.784 17.62 26.22 56.75 38.14 12.5
13.5 .0673 1.709 .0679 1.725 .0682 1.732 4610 3620 2.336 2.290 7.513 2.250 7.381 2.230 7.316 13.96 20.76 71.66 48.16 13.5
14.5 .0599 1.521 .0605 1.537 .0608 1.544 3660 2874 1.855 2.891 9.484 2.834 9.296 2.806 9.205 11.08 16.48 90.26 60.66 14.5
15.5 .0533 1.354 .0539 1.369 .0542 1.377 2905 2281 1.472 3.651 11.98 3.570 11.71 3.531 11.58 8.794 13.08 113.7 76.43 15.5
16.5 .0475 1.206 .0480 1.219 .0482 1.224 2304 1809 1.167 4.597 15.08 4.502 14.77 4.464 14.65 6.974 10.38 143.4 96.37 16.5
17.5 .0423 1.074 .0427 1.085 .0429 1.090 1823 1431 .9239 5.797 19.02 5.688 18.66 5.636 18.49 5.519 8.212 181.2 121.8 17.5
18.5 .0376 .955 .0380 .965 .0383 .973 1444 1134 .7317 7.336 24.07 7.183 23.56 7.070 23.20 4.371 6.503 228.8 153.8 18.5
19.5 .0336 .853 .0339 .861 .0341 .866 1149 902.6 .5823 9.187 30.14 9.025 29.61 8.919 29.26 3.479 5.176 287.5 193.2 19.5
20.5 .0299 .759 .0302 .767 .0303 .770 912.0 716.3 .4621 11.60 38.06 11.37 37.31 11.30 37.06 2.761 4.108 362.2 243.5 20.5
21.5 .0266 .676 .0268 .681 .0270 .686 718.2 564.1 .3639 14.66 48.09 14.44 47.38 14.23 46.68 2.174 3.235 460.0 309.1 21.5
22.5 .0237 .602 .0239 .607 .0241 .612 571.2 448.6 .2894 18.47 60.58 18.16 59.57 17.86 58.59 1.729 2.573 578.4 388.7 22.5
23.5 .0211 .536 .0213 .541 .0214 .544 453.7 356.3 .2299 23.30 76.43 22.86 75.00 22.65 74.30 1.373 2.043 728.2 489.4 23.5
24.5 .0188 .478 .0190 .483 .0191 .485 361.0 283.5 .1829 29.34 96.27 28.73 94.26 28.43 93.27 1.093 1.626 915.2 615.1 24.5
25.5 .0167 .424 .0169 .429 .0170 .432 285.6 224.3 .1447 37.19 122.0 36.31 119.1 35.89 117.7 .8645 1.286 1156 777.4 25.5
26.5 .0149 .378 .0150 .381 .0151 .384 225.0 176.7 .1140 46.72 153.3 46.10 151.2 45.49 149.2 .6811 1.103 1468 986.8 26.5
27.5 .0133 .338 .0134 .340 .0135 .343 179.6 141.0 .0910 58.63 192.4 57.76 189.5 56.91 186.7 .5435 .8087 1839 1236 27.5
28.5 .0118 .300 .0119 .302 .0120 .305 141.6 111.2 .0718 74.49 244.4 73.24 240.3 72.03 236.3 .4286 .6378 2332 1567 28.5
29.5 .0105 .267 .0106 .269 .0107 .272 112.4 88.25 .0569 94.07 308.6 92.31 302.8 90.59 297.2 .3401 .5060 2940 1976 29.5
30.5 .0093 .236 .0094 .239 .0095 .241 88.36 69.40 .0448 119.9 393.4 117.4 385.1 114.9 377.0 .2675 .3980 3738 2512 30.5
31.5 .0083 .211 .0084 .213 .0085 .216 70.56 55.42 .0358 150.6 493.9 147.0 482.2 143.6 471.0 .2136 .3178 4682 3146 31.5
32.5 .0074 .188 .0075 .190 .0076 .193 56.25 44.18 .0285 189.4 621.4 184.4 604.9 179.6 589.1 .1703 .2533 5873 3947 32.5
33.5 .0066 .168 .0067 .170 .0068 .173 44.89 35.26 .0227 238.1 781.2 231.0 758.0 224.3 735.9 .1359 .2022 7359 4946 33.5
34.5 .0058 .147 .0059 .150 .0060 .152 34.81 27.34 .0176 308.3 1011 298.0 977.5 288.1 945.2 .1054 .1568 9490 6378 34.5
35.5 .0052 .132 .0053 .135 .0054 .137 28.09 22.06 .0142 383.6 1258 369.2 1211 355.7 1166 .0850 .1265 11760 7904 35.5
36.5 .0047 .119 .0048 .122 .0049 .124 23.04 18.10 .0117 469.5 1540 450.2 1476 432.0 1417 .0697 .1038 14340 9637 36.5
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Bare Wire Data/Annealed Aluminum – AWG Sizes
AWG BARE WIRE DIAMETER NOMINAL AREA RESISTANCE AT 20°C PHYSICAL DATA FOR NOMINAL DIAMETER AWG
SIZE Minimum Nominal Maximum Min. Dia. Nom. Dia. Max. Dia. SIZE
cir. sq. sq. ohms/ ohms/ ohms/ ohms/ ohms/ ohms/ lbs/
in mm in mm in mm mils mils mm 1000ft km 1000ft km 1000ft /km 1000 ft kg/km ft/lb m/kg
1/0 .3217 8.171 .3249 8.252 .3281 8.334 105600 82910 53.49 .1622 .5320 .1590 .5216 .1559 .5115 97.17 144.6 10.29 6.917 1/0
1 .2864 7.275 .2893 7.348 .2922 7.422 83690 65730 42.41 .2046 .6712 .2005 .6579 .1966 .6449 77.04 114.6 12.98 8.724 1
2 .2550 6.477 .2576 6.543 .2602 6.609 66360 52120 33.62 .2581 .8467 .2529 .8297 .2479 .8132 61.08 90.88 16.37 11.00 2
3 .2271 5.768 .2294 5.827 .2317 5.885 52620 41330 26.66 .3254 1.068 .3189 1.046 .3126 1.026 48.44 72.07 20.65 13.87 3
4 .2023 5.138 .2043 5.189 .2053 5.215 41740 32780 21.15 .4101 1.345 .4021 1.319 .3982 1.306 38.42 57.16 26.03 17.49 4
5 .1801 4.575 .1819 4.620 .1828 4.643 33090 25990 16.77 .5174 1.697 .5072 1.664 .5022 1.648 30.46 45.32 32.84 22.07 5
6 .1604 4.074 .1620 4.115 .1628 4.135 26240 20610 13.30 .6523 2.140 .6395 2.098 .6332 2.077 24.16 35.94 41.40 27.82 6
7 .1429 3.630 .1443 3.665 .1450 3.683 20820 16350 10.55 .8218 2.696 .8060 2.644 .7982 2.619 19.17 28.52 52.18 35.07 7
8 .1272 3.231 .1285 3.264 .1292 3.282 16510 12970 8.367 1.037 3.403 1.016 3.334 1.005 3.298 15.20 22.61 65.80 44.22 8
9 .1133 2.878 .1144 2.906 .1150 2.921 13090 10280 6.631 1.307 4.289 1.282 4.207 1.269 4.163 12.05 17.92 83.02 55.79 9
10 .1009 2.563 .1019 2.588 .1024 2.601 10380 8155 5.261 1.648 5.408 1.616 5.302 1.600 5.251 9.558 14.22 104.6 70.32 10
11 .0898 2.281 .0907 2.304 .0912 2.316 8226 6461 4.168 2.081 6.828 2.040 6.693 2.018 6.620 7.572 11.27 132.1 88.76 11
12 .0800 2.032 .0808 2.052 .0812 2.062 6528 5127 3.308 2.622 8.603 2.571 8.433 2.545 8.351 6.009 8.941 166.4 111.8 12
13 .0713 1.811 .0720 1.829 .0724 1.839 5183 4071 2.627 3.301 10.83 3.237 10.62 3.202 10.50 4.772 7.100 209.6 140.8 13
14 .0635 1.613 .0641 1.628 .0644 1.636 4108 3227 2.082 4.162 13.65 4.084 13.40 4.046 13.28 3.782 5.627 264.4 177.7 14
15 .0565 1.435 .0571 1.450 .0574 1.458 3260 2560 1.652 5.257 17.25 5.147 16.89 5.094 16.71 3.001 4.465 333.3 223.9 15
16 .0503 1.278 .0508 1.290 .0511 1.298 2580 2026 1.308 6.633 21.76 6.503 21.34 6.427 21.09 2.375 3.534 421.0 282.9 16
17 .0448 1.138 .0453 1.151 .0455 1.156 2052 1611 1.040 8.362 27.43 8.178 26.83 8.106 26.60 1.889 2.810 529.5 355.8 17
18 .0399 1.013 .0403 1.024 .0405 1.029 1624 1275 .8229 10.54 34.58 10.33 33.90 10.23 33.57 1.495 2.224 669.0 449.6 18
19 .0355 .902 .0359 .912 .0361 .917 1288 1012 .6530 13.32 43.69 13.02 42.72 12.88 42.25 1.186 1.765 843.1 566.5 19
20 .0317 .805 .0320 .813 .0322 .818 1024 804.2 .5189 16.70 54.79 16.39 53.77 16.19 53.10 .9426 1.402 1061 713.0 20
21 .0282 .716 .0285 .724 .0286 .726 812.3 637.9 .4116 21.10 69.24 20.66 67.79 20.52 67.31 .7477 1.112 1337 898.9 21
22 .0250 .635 .0253 .643 .0254 .645 640.1 502.7 .3243 26.85 88.09 26.22 86.02 26.01 85.34 .5892 .8766 1697 1140 22
23 .0224 .569 .0226 .574 .0227 .577 510.8 401.1 .2588 33.45 109.7 32.86 107.8 32.57 106.9 .4701 .6995 2127 1429 23
24 .0199 .505 .0201 .511 .0202 .513 404.0 317.3 .2047 42.38 139.0 41.54 136.3 41.13 134.9 .3719 .5533 2689 1807 24
25 .0177 .450 .0179 .455 .0180 .457 320.4 251.6 .1624 53.57 175.7 52.38 171.8 51.80 169.9 .2949 .4388 3391 2278 25
26 .0157 .399 .0159 .404 .0160 .406 252.8 198.6 .1281 68.08 223.4 66.38 217.8 65.56 215.1 .2327 .3462 4297 2888 26
27 .0141 .358 .0142 .361 .0143 .363 201.6 158.4 .1022 84.41 276.9 83.23 273.1 82.07 269.2 .1856 .2762 5388 3621 27
28 .0125 .317 .0126 .320 .0127 .323 158.8 124.7 .0804 107.4 352.4 105.7 346.8 104.0 341.4 .1461 .2174 6843 4599 28
29 .0112 .284 .0113 .287 .0114 .290 127.7 100.3 .0647 133.8 438.9 131.4 431.2 129.1 423.7 .1175 .1749 8509 5718 29
30 .0099 .251 .0100 .254 .0101 .257 100.0 78.54 .0507 171.2 561.8 167.8 550.6 164.5 539.7 .0920 .1370 10870 7301 30
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Bare Wire Data/Annealed Aluminum – Half AWG Sizes
AWG BARE WIRE DIAMETER NOMINAL AREA RESISTANCE AT 20°C PHYSICAL DATA FOR NOMINAL DIAMETER AWG
SIZE Minimum Nominal Maximum Min. Dia. Nom. Dia. Max. Dia. SIZE
cir. sq. sq. ohms/ ohms/ ohms/ ohms/ ohms/ ohms/ lbs/
in mm in mm in mm mils mils mm 1000ft km 1000ft km 1000ft /km 1000 ft kg/km ft/lb m/kg
1/0.5.3035 7.709 .3066 7.788 .3096 7.864 94000 73830 47.63 .1822 .5977 .1785 .5857 .1751 .5744 86.53 128.7 11.56 7.767 1/0.5
1.5 .2701 6.861 .2730 6.934 .2759 7.008 74530 58530 37.76 .2300 .7547 .2252 .7388 .2205 .7233 68.60 102.1 14.58 9.797 1.5
2.5 .2406 6.111 .2431 6.175 .2455 6.236 59100 46410 29.94 .2899 .9511 .2840 .9317 .2784 .9135 54.40 80.94 18.39 12.36 2.5
3.5 .2144 5.446 .2165 5.499 .2176 5.527 46870 36810 23.75 .3651 1.198 .3580 1.175 .3544 1.163 43.14 64.19 23.18 15.58 3.5
4.5 .1908 4.846 .1928 4.897 .1938 4.923 37170 29190 18.84 .4610 1.512 .4515 1.481 .4468 1.466 34.22 50.91 29.23 19.64 4.5
5.5 .1700 4.318 .1717 4.361 .1726 4.384 29480 23150 14.94 .5807 1.905 .5693 1.868 .5633 1.848 27.14 40.38 36.86 24.77 5.5
6.5 .1514 3.846 .1529 3.884 .1537 3.904 23380 18360 11.85 .7321 2.402 .7178 2.355 .7104 2.331 21.52 32.02 46.48 31.23 6.5
7.5 .1348 3.424 .1362 3.459 .1368 3.475 18550 14570 9.400 .9236 3.030 .9047 2.968 .8968 2.942 17.08 25.41 58.57 39.36 7.5
8.5 .1200 3.048 .1212 3.078 .1218 3.094 14690 11540 7.443 1.165 3.824 1.142 3.748 1.131 3.711 13.52 20.12 73.97 49.71 8.5
9.5 .1069 2.715 .1080 2.743 .1085 2.756 11660 9160 5.910 1.469 4.818 1.439 4.720 1.426 4.677 10.74 15.97 93.15 62.60 9.5
10.5 .0952 2.418 .0962 2.443 .0966 2.454 9254 7268 4.689 1.852 6.075 1.813 5.949 1.798 5.900 8.519 12.67 117.4 78.90 10.5
11.5 .0848 2.154 .0856 2.174 .0860 2.184 7327 5754 3.713 2.334 7.657 2.290 7.514 2.269 7.444 6.745 10.04 148.3 99.65 11.5
12.5 .0755 1.918 .0763 1.938 .0767 1.948 5821 4572 2.950 2.944 9.659 2.883 9.458 2.853 9.359 5.359 7.973 186.6 125.4 12.5
13.5 .0673 1.709 .0679 1.725 .0682 1.732 4610 3620 2.336 3.705 12.16 3.640 11.94 3.608 11.84 4.244 6.314 235.7 158.4 13.5
14.5 .0599 1.521 .0605 1.537 .0608 1.544 3660 2874 1.855 4.677 15.35 4.585 15.04 4.540 14.89 3.369 5.013 296.8 199.5 14.5
15.5 .0533 1.354 .0539 1.369 .0542 1.377 2905 2281 1.472 5.907 19.38 5.777 18.95 5.713 18.74 2.674 3.979 374.0 251.3 15.5
16.5 .0475 1.206 .0480 1.219 .0482 1.224 2304 1809 1.167 7.438 24.40 7.284 23.90 7.224 23.70 2.121 3.155 471.6 316.9 16.5
17.5 .0423 1.074 .0427 1.085 .0429 1.090 1823 1431 .9239 9.379 30.77 9.204 30.20 9.119 29.92 1.678 2.497 595.9 400.5 17.5
18.5 .0376 .955 .0380 .965 .0383 .973 1444 1134 .7317 11.87 38.94 11.62 39.13 11.44 37.53 1.329 1.978 752.5 505.6 18.5
19.5 .0336 .853 .0339 .861 .0341 .866 1149 902.6 .5823 14.87 48.77 14.60 47.91 14.43 47.35 1.058 1.574 945.5 635.4 19.5
20.5 .0299 .759 .0302 .767 .0303 .770 912.0 716.3 .4621 18.77 61.59 18.40 60.37 18.28 59.97 .8395 1.249 1191 800.6 20.5
21.5 .0266 .676 .0268 .681 .0270 .686 718.2 564.1 .3639 23.72 77.82 23.37 76.66 23.02 75.53 .6611 .9837 1512 1016 21.5
22.5 .0237 .602 .0239 .607 .0241 .612 571.2 448.6 .2894 29.88 98.02 29.38 96.39 28.89 94.80 .5258 .7832 1902 1278 22.5
23.5 .0211 .536 .0213 .541 .0214 .544 453.7 356.3 .2299 37.69 123.7 36.99 121.4 36.65 120.2 .4176 .6214 2394 1609 23.5
24.5 .0188 .478 .0190 .483 .0191 .485 361.0 283.5 .1829 47.48 155.8 46.49 152.5 46.00 150.9 .3323 .4944 3009 2022 24.5
25.5 .0167 .424 .0169 .429 .0170 .432 285.6 224.3 .1447 60.17 197.4 58.76 192.8 58.07 190.5 .2629 .3912 3804 2556 25.5
26.5 .0149 .378 .0150 .381 .0151 .384 225.0 176.7 .1140 75.59 248.0 74.59 244.7 73.60 241.5 .2071 .3082 4829 3245 26.5
27.5 .0133 .338 .0134 .340 .0135 .343 179.6 141.0 .0910 94.87 311.3 93.46 306.6 92.08 302.1 .1653 .2459 6051 4066 27.5
28.5 .0118 .300 .0119 .302 .0120 .305 141.6 111.2 .0718 120.5 395.4 118.5 388.8 116.5 382.4 .1303 .1939 7672 5156 28.5
29.5 .0105 .267 .0106 .269 .0107 .272 112.4 88.25 .0569 152.2 499.4 149.4 490.0 146.6 480.9 .1034 .1539 9670 6498 29.5
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Film Insulated Data – Copper – AWG Sizes
AWG LIGHT  BUILD SINGLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 .0651 1.654 .0658 1.671 .0666 1.692 12.5 18.6 14
15 .0580 1.473 .0587 1.491 .0594 1.509 9.95 14.8 15
16 .0515 1.308 .0521 1.323 .0527 1.399 7.86 11.7 .0517 1.313 .0524 1.331 .0531 1.349 7.88 11.7 16
17 .0460 1.168 .0465 1.181 .0471 1.196 6.26 9.31 .0462 1.173 .0468 1.189 .0475 1.206 6.27 9.33 17
18 .0410 1.041 .0415 1.054 .0420 1.067 4.95 7.37 .0412 1.046 .0418 1.062 .0424 1.077 4.97 7.39 18
19 .0365 .927 .0370 .940 .0376 .955 3.93 5.85 .0367 .932 .0373 .947 .0379 .963 3.94 5.86 19
20 .0327 .831 .0331 .841 .0334 .848 3.12 4.64 .0329 .836 .0334 .848 .0339 .861 3.14 4.67 20
21 .0291 .739 .0294 .747 .0297 .754 2.48 3.69 .0293 .739 .0298 .747 .0303 .754 2.49 3.70 21
22 .0259 .658 .0263 .668 .0265 .673 1.95 2.90 .0261 .663 .0265 .673 .0270 .686 1.97 2.93 22
23 .0232 .589 .0235 .597 .0237 .602 1.56 2.32 .0234 .594 .0238 .605 .0243 .617 1.57 2.34 23
24 .0207 .526 .0210 .533 .0212 .538 1.23 1.83 .0209 .531 .0213 .541 .0217 .551 1.24 1.84 24
25 .0184 .467 .0188 .478 .0190 .483 .983 1.46 .0186 .472 .0190 .483 .0194 .493 .988 1.47 25
26 .0164 .417 .0167 .424 .0169 .429 .776 1.15 .0166 .422 .0169 .429 .0173 .439 .780 1.16 26
27 .0147 .373 .0149 .379 .0151 .384 .619 .921 .0149 .378 .0152 .386 .0156 .396 .624 .928 27
28 .0131 .333 .0133 .338 .0135 .343 .488 .726 .0133 .338 .0136 .345 .0140 .356 .491 .731 28
29 .0117 .297 .0119 .302 .0121 .307 .392 .538 .0119 .302 .0122 .310 .0126 .320 .396 .589 29
30 .0104 .264 .0105 .267 .0107 .272 .307 .457 .0106 .269 .0109 .277 .0112 .284 .310 .461 30
31 .0093 .236 .0094 .239 .0096 .244 .244 .363 .0094 .239 .0097 .246 .0100 .254 .246 .366 31
32 .0084 .213 .0085 .216 .0087 .221 .197 .293 .0085 .216 .0088 .224 .0091 .231 .199 .296 32
33 .0074 .188 .0075 .191 .0077 .196 .155 .231 .0075 .190 .0078 .198 .0081 .206 .158 .235 33
34 .0066 .168 .0067 .170 .0069 .175 .122 .182 .0067 .170 .0069 .175 .0072 .183 .125 .186 34
35 .0058 .147 .0059 .150 .0061 .155 .096 .143 .0059 .150 .0061 .155 .0064 .163 .098 .146 35
36 .0052 .132 .0053 .135 .0055 .140 .077 .115 .0053 .135 .0055 .140 .0058 .147 .079 .118 36
37 .0046 .117 .0047 .119 .0049 .124 .062 .092 .0047 .119 .0049 .124 .0052 .132 .064 .095 37
38 .0041 .104 .0042 .107 .0044 .112 .049 .073 .0042 .107 .0044 .107 .0047 .119 .050 .074 38
39 .0036 .091 .0037 .094 .0039 .099 .038 .057 .0036 .091 .0038 .097 .0041 .104 .039 .058 39
40 .0032 .081 .0033 .084 .0035 .089 .029 .043 .0032 .081 .0034 .086 .0037 .094 .031 .046 40
41 .0028 .071 .0029 .074 .0031 .079 .024 .036 .0029 .074 .0031 .079 .0033 .084 .025 .037 41
42 .0025 .064 .0026 .066 .0028 .071 .019 .028 .0026 .066 .0028 .071 .0030 .076 .020 .030 42
43 .0022 .056 .0023 .058 .0025 .064 .015 .022 .0023 .058 .0024 .061 .0026 .066 .015 .022 43
44 .0020 .051 .0021 .053 .0023 .058 .012 .018 .0020 .051 .0022 .056 .0024 .061 .012 .018 44
* Nominal Weight, see page 19
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Film Insulated Data – Copper – AWG Sizes
AWG HEAVY  BUILD TRIPLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4 .2060 5.232 .2079 5.281 .2098 5.329 127 189 4
5 .1837 4.666 .1854 4.709 .1872 4.755 101 150 5
6 .1639 4.163 .1655 4.204 .1671 4.244 79.8 119 6
7 .1463 3.716 .1477 3.752 .1491 3.787 63.4 94.3 7
8 .1305 3.315 .1318 3.348 .1332 3.383 50.4 75.0 8
9 .1165 2.959 .1177 2.990 .1189 3.020 40.0 59.5 9
10 .1040 2.642 .1050 2.667 .1061 2.695 31.8 47.3 10
11 .0928 2.357 .0938 2.383 .0948 2.408 25.2 37.5 11
12 .0829 2.106 .0838 2.129 .0847 2.151 20.0 29.8 12
13 .0741 1.882 .0749 1.902 .0757 1.923 15.9 23.7 13
14 .0667 1.694 .0674 1.712 .0682 1.732 12.6 18.7 .0683 1.735 .0690 1.753 .0700 1.778 12.7 18.9 14
15 .0595 1.511 .0602 1.529 .0609 1.547 10.0 14.9 .0610 1.549 .0618 1.570 .0627 1.593 10.1 15.0 15
16 .0532 1.351 .0538 1.367 .0545 1.384 7.96 11.8 .0546 1.387 .0554 1.407 .0562 1.427 8.00 11.9 16
17 .0476 1.209 .0482 1.224 .0488 1.240 6.34 9.43 .0489 1.242 .0496 1.260 .0504 1.280 6.38 9.49 17
18 .0425 1.080 .0431 1.095 .0437 1.110 5.02 7.47 .0438 1.113 .0445 1.130 .0452 1.148 5.06 7.53 18
19 .0380 .965 .0385 .978 .0391 .993 3.99 5.94 .0392 .996 .0399 1.013 .0406 1.031 4.03 6.00 19
20 .0340 .864 .0345 .876 .0351 .892 3.18 4.73 .0352 .894 .0358 .909 .0364 .925 3.20 4.76 20
21 .0304 .772 .0309 .785 .0314 .798 2.53 3.76 .0315 .800 .0320 .813 .0326 .828 2.55 3.79 21
22 .0271 .688 .0276 .701 .0281 .714 1.99 2.96 .0282 .716 .0287 .729 .0293 .744 2.01 2.99 22
23 .0244 .620 .0248 .630 .0253 .643 1.59 2.37 .0254 .645 .0259 .658 .0264 .671 1.61 2.40 23
24 .0218 .554 .0222 .564 .0227 .577 1.26 1.87 .0228 .579 .0233 .592 .0238 .605 1.28 1.90 24
25 .0195 .495 .0199 .505 .0203 .516 1.00 1.49 .0204 .518 .0209 .531 .0214 .544 1.02 1.52 25
26 .0174 .442 .0178 .452 .0182 .462 .794 1.18 .0183 .465 .0188 .478 .0193 .490 .808 1.20 26
27 .0157 .399 .0160 .406 .0164 .417 .634 .943 .0165 .419 .0169 .429 .0173 .439 .646 .961 27
28 .0141 .358 .0144 .366 .0147 .373 .501 .745 .0148 .376 .0152 .386 .0156 .396 .511 .760 28
29 .0127 .323 .0130 .330 .0133 .338 .403 .600 .0134 .340 .0138 .351 .0142 .361 .413 .614 29
30 .0113 .287 .0116 .295 .0119 .302 .317 .472 .0120 .305 .0124 .315 .0128 .325 .325 .484 30
31 .0101 .257 .0104 .264 .0108 .274 .253 .376 31
32 .0091 .231 .0094 .239 .0098 .249 .204 .304 32
33 .0081 .206 .0084 .213 .0088 .224 .162 .241 33
34 .0072 .183 .0075 .191 .0078 .198 .127 .189 34
35 .0064 .163 .0067 .170 .0070 .178 .101 .150 35
36 .0057 .145 .0060 .152 .0063 .160 .080 .119 36
37 .0052 .132 .0055 .140 .0057 .145 .065 .097 37
38 .0046 .117 .0048 .122 .0051 .130 .052 .077 38
39 .0040 .102 .0042 .107 .0045 .114 .040 .060 39
40 .0036 .091 .0038 .097 .0040 .102 .032 .048 40
41 .0032 .081 .0034 .086 .0036 .091 .025 .037 41
42 .0028 .071 .0030 .076 .0032 .081 .020 .030 42
43 .0025 .064 .0027 .069 .0029 .074 .016 .024 43
44 .0023 .058 .0025 .064 .0027 .069 .013 .019 44
* Nominal Weight, see page 19
Alcatel Magnet Wire Inc.
10
Film Insulated Data – Copper – Half AWG Sizes
AWG LIGHT  BUILD SINGLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4.5 4.5
5.5 5.5
6.5 6.5
7.5 7.5
8.5 8.5
9.5 9.5
10.5 10.5
11.5 11.5
12.5 12.5
13.5 13.5
14.5 .0615 1.56 .0622 1.580 .0630 1.600 11.1 16.5 14.5
15.5 .0548 1.39 .0555 1.410 .0562 1.427 8.91 13.3 15.5
16.5 .0487 1.237 .0492 1.250 .0496 1.260 7.02 10.4 .0489 1.24 .0496 1.260 .0502 1.275 7.07 10.5 16.5
17.5 .0435 1.105 .0439 1.115 .0443 1.125 5.51 8.20 .0437 1.11 .0442 1.123 .0449 1.140 5.61 8.35 17.5
18.5 .0387 .983 .0391 .993 .0396 1.006 4.43 65.9 .0389 .988 .0395 1.003 .0402 1.021 4.43 6.59 18.5
19.5 .0346 .879 .0350 .889 .0354 .899 3.51 5.22 .0348 .884 .0353 .897 .0359 .912 3.54 5.27 19.5
20.5 .0309 .785 .0312 .792 .0315 .800 2.79 4.15 .0311 .790 .0316 .803 .0320 .813 2.81 4.18 20.5
21.5 .0275 .699 .0278 .706 .0281 .714 2.19 3.26 .0277 .704 .0282 .716 .0287 .729 2.22 3.30 21.5
22.5 .0246 .625 .0249 .632 .0252 .640 1.75 2.60 .0248 .630 .0252 .640 .0257 .653 1.76 2.62 22.5
23.5 .0219 .556 .0221 .561 .0224 .569 1.39 2.07 .0221 .561 .0225 .572 .0230 .584 1.41 2.10 23.5
24.5 .0196 .498 .0198 .503 .0211 .536 1.11 1.65 .0198 .503 .0202 .513 .0206 .523 1.11 1.65 24.5
25.5 .0174 .442 .0177 .450 .0180 .457 .857 1.28 .0176 .447 .0180 .457 .0184 .467 .885 1.32 25.5
26.5 .0156 .396 .0158 .401 .0160 .406 .693 1.03 .0158 .401 .0161 .409 .0164 .417 .697 1.04 26.5
27.5 .0139 .353 .0141 .358 .0143 .363 .552 .821 .0141 .358 .0144 .366 .0148 .376 .557 .829 27.5
28.5 .0124 .315 .0126 .320 .0128 .325 .439 .653 .0126 .320 .0129 .328 .0133 .338 .442 .658 28.5
29.5 .0110 .279 .0112 .284 .0114 .290 .344 .512 .0112 .284 .0115 .292 .0119 .302 .348 .518 29.5
30.5 .0098 .249 .0099 .251 .0101 .257 .272 .405 .0100 .254 .0103 .262 .0106 .269 .275 .409 30.5
31.5 .0088 .224 .0089 .226 .0091 .231 .218 .324 .0089 .226 .0092 .234 .0095 .241 .221 .329 31.5
32.5 .0079 .201 .0080 .203 .0082 .208 .173 .257 .0080 .203 .0083 .211 .0086 .218 .175 .260 32.5
33.5 .0070 .178 .0071 .180 .0073 .185 .138 .205 .0071 .180 .0074 .188 .0077 .196 .141 .210 33.5
34.5 .0062 .157 .0063 .160 .0065 .165 .107 .159 .0063 .160 .0065 .165 .0068 .173 .110 .164 34.5
35.5 .0055 .140 .0056 .142 .0058 .147 .086 .128 .0056 .142 .0058 .147 .0061 .155 .088 .131 35.5
36.5 .0050 .127 .0051 .130 .0053 .135 .070 .104 .0051 .130 .0053 .135 .0056 .142 .073 .109 36.5
37.5 .0043 .109 .0045 .114 .0046 .117 .053 .079 .0044 .112 .0046 .117 .0049 .124 .056 .083 37.5
38.5 .0038 .097 .0039 .099 .0041 .104 .043 .064 .0039 .099 .0041 .104 .0044 .112 .044 .065 38.5
39.5 .0034 .086 .0035 .089 .0037 .094 .034 .051 .0034 .086 .0036 .091 .0039 .099 .035 .052 39.5
* Nominal Weight, see page 19
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Film Insulated Data – Copper – Half AWG Sizes
AWG HEAVY  BUILD TRIPLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4.5 .1945 4.940 .1964 4.989 .1983 5.037 113 168 4.5
5.5 .1736 4.409 .1756 4.460 .1770 4.496 89.8 134 5.5
6.5 .1549 3.934 .1564 3.973 .1580 4.013 71.1 106 6.5
7.5 .1382 3.510 .1396 3.546 .1409 3.579 56.5 84.1 7.5
8.5 .1233 3.132 .1255 3.188 .1258 3.195 44.5 66.2 8.5
9.5 .1101 2.797 .1113 2.827 .1124 2.855 35.7 53.1 9.5
10.5 .0983 2.497 .0993 2.522 .1003 2.548 28.4 42.3 10.5
11.5 .0878 2.230 .0887 2.253 .0896 2.276 22.5 33.5 11.5
12.5 .0784 1.991 .0793 2.014 .0802 2.037 18.0 26.8 12.5
13.5 .0701 1.781 .0708 1.798 .0715 1.816 14.2 21.1 13.5
14.5 .0631 1.603 .0638 1.621 .0646 1.641 11.4 17.0 .0647 1.643 .0655 1.664 .0664 1.687 11.7 17.4 14.5
15.5 .0563 1.430 .0570 1.448 .0577 1.466 8.99 13.4 .0578 1.468 .0586 1.488 .0595 1.511 9.21 13.7 15.5
16.5 .0504 1.280 .0510 1.295 .0516 1.311 7.15 10.6 .0518 1.316 .0526 1.336 .0534 1.356 7.34 10.9 16.5
17.5 .0451 1.146 .0456 1.158 .0462 1.173 5.68 8.45 .0464 1.179 .0471 1.196 .0478 1.214 5.85 8.70 17.5
18.5 .0402 1.021 .0408 1.036 .0415 1.054 4.49 6.68 .0415 1.054 .0422 1.072 .0429 1.090 4.63 6.89 18.5
19.5 .0361 .917 .0365 .927 .0371 .942 3.59 5.34 .0373 .947 .0379 .963 .0386 .980 3.72 5.53 19.5
20.5 .0322 .818 .0327 .831 .0332 .843 2.86 4.26 .0334 .848 .0340 .864 .0346 .879 2.96 4.40 20.5
21.5 .0288 .732 .0293 .744 .0297 .754 2.26 3.36 .0299 .759 .0304 .772 .0310 .787 2.35 3.50 21.5
22.5 .0258 .655 .0262 .665 .0268 .681 1.79 2.66 .0269 .683 .0274 .696 .0279 .709 1.87 2.78 22.5
23.5 .0231 .587 .0235 .597 .0240 .610 1.43 2.13 .0241 .612 .0246 .625 .0251 .638 1.50 2.23 23.5
24.5 .0207 .526 .0211 .536 .0216 .549 1.14 1.70 .0217 .551 .0222 .564 .0227 .557 1.18 1.76 24.5
25.5 .0185 .470 .0189 .480 .0193 .490 .903 1.34 .0194 .493 .0199 .505 .0204 .518 .942 1.40 25.5
26.5 .0166 .422 .0169 .429 .0173 .439 .711 1.06 .0175 .445 .0179 .455 .0184 .467 .749 1.11 26.5
27.5 .0149 .378 .0152 .386 .0156 .396 .569 .847 .0157 .399 .0161 .409 .0165 .419 .605 .900 27.5
28.5 .0134 .340 .0137 .348 .0140 .356 .452 .673 .0141 .358 .0145 .368 .0149 .378 .482 .717 28.5
29.5 .0120 .305 .0123 .312 .0126 .320 .355 .528 .0127 .323 .0131 .333 .0135 .343 .381 .567 29.5
30.5 .0107 .272 .0110 .279 .0113 .287 .282 .420 30.5
31.5 .0096 .244 .0099 .251 .0103 .262 .227 .388 31.5
32.5 .0086 .218 .0089 .226 .0093 .236 .180 .268 32.5
33.5 .0077 .196 .0080 .203 .0084 .213 .145 .216 33.5
34.5 .0068 .173 .0071 .180 .0074 .188 .112 .167 34.5
35.5 .0061 .155 .0063 .160 .0067 .170 .091 .135 35.5
36.5 .0055 .140 .0058 .147 .0061 .155 .074 .110 36.5
37.5 .0049 .124 .0051 .130 .0054 .137 .057 .085 37.5
38.5 .0043 .109 .0045 .114 .0048 .122 .046 .068 38.5
39.5 .0038 .097 .0040 .102 .0043 .109 .036 .054 39.5
* Nominal Weight, see page 19
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AWG LIGHT  BUILD SINGLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 .0651 1.654 .0658 1.671 .0666 1.692 3.83 5.70 14
15 .0580 1.473 .0587 1.491 .0594 1.509 3.08 4.58 15
16 .0517 1.313 .0524 1.331 .0531 1.349 2.45 3.65 16
17 .0462 1.173 .0468 1.189 .0475 1.206 1.94 2.89 17
18 .0412 1.046 .0418 1.062 .0424 1.077 1.56 2.32 18
19 .0367 .932 .0373 .947 .0379 .963 1.24 1.84 19
20 .0329 .836 .0334 .848 .0339 .861 .973 1.45 20
21 .0293 .739 .0298 .747 .0303 .754 .771 1.15 21
22 .0261 .663 .0265 .673 .0270 .686 .617 .918 22
23 .0234 .594 .0238 .605 .0243 .617 .490 .729 23
24 .0209 .531 .0213 .541 .0217 .551 .389 .579 24
25 .0186 .472 .0190 .483 .0194 .493 .303 .451 25
26 .0166 .422 .0169 .429 .0173 .439 .209 .311 26
27 .0149 .378 .0152 .386 .0156 .396 .200 .298 27
28 .0133 .338 .0136 .345 .0140 .356 .160 .238 28
29 .0119 .302 .0122 .310 .0126 .320 .130 .193 29
30 .101 .150 30
* Nominal Weight, see page 19
Film Insulated Data – Aluminum – AWG Sizes
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Film Insulated Data – Aluminum – AWG Sizes
AWG HEAVY  BUILD TRIPLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4 .2060 5.232 .2079 5.281 .2098 5.329 39.1 58.2 4
5 .1837 4.666 .1854 4.709 .1872 4.755 31.1 46.3 5
6 .1639 4.163 .1655 4.204 .1671 4.244 24.5 36.5 6
7 .1463 3.716 .1477 3.752 .1491 3.787 19.5 29.0 7
8 .1305 3.315 .1318 3.348 .1332 3.383 15.6 23.2 8
9 .1165 2.959 .1177 2.990 .1189 3.020 12.4 18.4 9
10 .1040 2.642 .1050 2.667 .1061 2.695 9.80 14.6 10
11 .0928 2.357 .0938 2.383 .0948 2.408 7.85 11.7 11
12 .0829 2.106 .0838 2.129 .0847 2.151 6.23 9.27 12
13 .0741 1.882 .0749 1.902 .0757 1.923 4.98 7.41 13
14 .0667 1.694 .0674 1.712 .0682 1.732 3.90 5.80 .0683 1.735 .0690 1.753 .0700 1.778 4.08 6.07 14
15 .0595 1.511 .0602 1.529 .0609 1.547 3.14 4.67 .0610 1.549 .0618 1.570 .0627 1.593 3.21 4.78 15
16 .0532 1.351 .0538 1.367 .0545 1.384 2.51 3.73 .0546 1.387 .0554 1.407 .0562 1.427 2.56 3.81 16
17 .0476 1.209 .0482 1.224 .0488 1.240 2.00 2.98 .0489 1.242 .0496 1.260 .0504 1.280 2.06 3.07 17
18 .0425 1.080 .0431 1.095 .0437 1.110 1.61 2.40 .0438 1.113 .0445 1.130 .0452 1.148 1.63 2.43 18
19 .0380 .965 .0385 .978 .0391 .993 1.28 1.90 .0392 .996 .0399 1.013 .0406 1.031 1.32 1.96 19
20 .0340 .864 .0345 .876 .0351 .892 1.00 1.50 .0352 .894 .0358 .909 .0364 .925 1.04 1.55 20
21 .0304 .772 .0309 .785 .0314 .798 .798 1.19 .0315 .800 .0320 .813 .0326 .828 .837 1.25 21
22 .0271 .688 .0276 .701 .0281 .714 .640 .952 .0282 .716 .0287 .729 .0293 .744 .664 .988 22
23 .0244 .620 .0248 .630 .0253 .643 .515 .766 .0254 .645 .0259 .658 .0264 .671 .523 .778 23
24 .0218 .554 .0222 .564 .0227 .577 .408 .607 .0228 .579 .0233 .592 .0238 .605 .424 .631 24
25 .0195 .495 .0199 .505 .0203 .516 .330 .491 .0204 .518 .0209 .531 .0214 .544 .346 .515 25
26 .0174 .442 .0178 .452 .0182 .462 .267 .397 .0183 .465 .0188 .478 .0193 .490 .275 .409 26
27 .0157 .399 .0160 .406 .0164 .417 .209 .311 .0165 .419 .0169 .429 .0173 .439 .221 .329 27
28 .0141 .358 .0144 .366 .0147 .373 .169 .251 .0148 .376 .0152 .386 .0156 .396 .176 .262 28
29 .0127 .323 .0130 .330 .0133 .338 .133 .198 .0134 .340 .0138 .351 .0142 .361 .143 .213 29
30 .0113 .287 .0116 .295 .0119 .302 .108 .161 .0120 .305 .0124 .315 .0128 .325 .114 .170 30
* Nominal Weight, see page 19
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AWG LIGHT  BUILD SINGLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4.5 4.5
5.5 5.5
6.5 6.5
7.5 7.5
8.5 8.5
9.5 9.5
10.5 10.5
11.5 11.5
12.5 12.5
13.5 13.5
14.5 .0615 1.56 .0622 1.580 .0630 1.600 3.52 5.24 14.5
15.5 .0548 1.39 .0555 1.410 .0562 1.427 2.77 4.12 15.5
16.5 .0489 1.24 .0496 1.260 .0502 1.275 2.20 3.27 16.5
17.5 .0437 1.11 .0442 1.123 .0449 1.140 1.75 2.60 17.5
18.5 .0389 .988 .0395 1.003 .0402 1.021 1.38 2.05 18.5
19.5 .0348 .884 .0353 .897 .0359 .912 1.11 1.65 19.5
20.5 .0311 .790 .0316 .803 .0320 .813 .882 1.31 20.5
21.5 .0277 .704 .0282 .716 .0287 .729 .700 1.04 21.5
22.5 .0248 .630 .0252 .640 .0257 .653 .558 .830 22.5
23.5 .0221 .561 .0225 .572 .0230 .584 .443 .659 23.5
24.5 .0198 .503 .0202 .513 .0206 .523 .352 .524 24.5
25.5 .0176 .447 .0180 .457 .0184 .467 .282 .420 25.5
26.5 .0158 .401 .0161 .409 .0164 .417 .222 .330 26.5
27.5 .0141 .358 .0144 .366 .0148 .376 .179 .266 27.5
28.5 .0126 .320 .0129 .328 .0133 .338 .141 .210 28.5
29.5 .0112 .284 .0115 .292 .0119 .302 .112 .167 29.5
* Nominal Weight, see page 19
Film Insulated Data – Aluminum – Half AWG Sizes
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Film Insulated Data – Aluminum – Half AWG Sizes
AWG HEAVY  BUILD TRIPLE  BUILD AWG
SIZE OVERALL DIAMETER NOMINAL WEIGHT * OVERALL DIAMETER NOMINAL WEIGHT * SIZE
Minimum Nominal Maximum Minimum Nominal Maximum
lbs/ lbs/
in mm in mm in mm 1000 ft kg/km in mm in mm in mm 1000 ft kg/km
4.5 0.1945 4.94 0.1964 4.989 0.1983 5.037 34.9 51.9 4.5
5.5 0.1736 4.409 0.1756 4.46 0.177 4.496 27.7 41.2 5.5
6.5 0.1549 3.934 0.1564 0.3973 0.158 4.013 21.9 32.6 6.5
7.5 0.1382 3.51 0.1396 0.3546 0.1409 3.579 17.5 26.0 7.5
8.5 0.1233 3.132 0.1255 3.188 0.1258 3.195 13.8 20.5 8.5
9.5 0.1101 2.797 0.1113 2.827 0.1124 2.855 11.1 16.5 9.5
10.5 0.0983 2.497 0.0993 2.522 0.1003 2.548 8.9 13.2 10.5
11.5 0.0878 2.23 0.0887 2.253 0.0896 2.276 7.03 10.5 11.5
12.5 0.0784 1.991 0.0793 2.014 0.0802 2.037 5.6 8.33 12.5
13.5 0.0701 1.781 0.0708 1.798 0.0715 1.816 4.47 6.65 13.5
14.5 0.0631 1.603 0.0638 1.621 0.0646 1.641 3.58 5.33 0.0647 1.643 0.0655 1.664 0.0664 1.687 3.68 5.48 14.5
15.5 0.0563 1.43 0.057 1.448 0.0577 1.466 2.84 4.23 0.0578 1.468 0.0586 1.488 0.0595 1.511 2.9 4.31 15.5
16.5 0.0504 1.28 0.051 1.295 0.0516 1.311 2.28 3.39 0.0518 1.316 0.0526 1.336 0.0534 1.356 2.32 3.45 16.5
17.5 0.0451 1.146 0.0456 1.158 0.0462 1.173 1.82 2.71 0.0464 1.179 0.0471 1.196 0.0478 1.214 1.86 2.77 17.5
18.5 0.0402 1.021 0.0408 1.036 0.0415 1.054 1.44 2.14 0.0415 1.054 0.0422 1.072 0.0429 1.09 1.48 2.20 18.5
19.5 0.0361 0.917 0.0365 0.927 0.0371 0.942 1.15 1.71 0.0373 0.947 0.0379 0.963 0.0386 0.98 1.19 1.77 19.5
20.5 0.0322 0.818 0.0327 0.831 0.0332 0.843 0.925 1.38 0.0334 0.848 0.034 0.864 0.0346 0.879 0.945 1.41 20.5
21.5 0.0288 0.732 0.0293 0.744 0.0297 0.754 0.737 1.10 0.0299 0.759 0.0304 0.772 0.031 0.787 0.757 1.13 21.5
22.5 0.0258 0.655 0.0262 0.665 0.0268 0.681 0.58 0.863 0.0269 0.683 0.0274 0.696 0.0279 0.709 0.606 0.902 22.5
23.5 0.0231 0.587 0.0235 0.587 0.024 0.61 0.463 0.689 0.0241 0.612 0.0246 0.625 0.0251 0.638 0.486 0.723 23.5
24.5 0.0207 0.526 0.0211 0.526 0.0216 0.549 0.373 0.555 0.0217 0.551 0.0222 0.564 0.0227 0.577 0.375 0.558 24.5
25.5 0.0185 0.47 0.0189 0.47 0.0193 0.49 0.3 0.446 0.0194 0.493 0.0199 0.505 0.0204 0.518 0.303 0.451 25.5
26.5 0.0166 0.422 0.0169 0.422 0.0173 0.439 0.236 0.351 0.0175 0.445 0.0179 0.455 0.0184 0.467 0.245 0.365 26.5
27.5 0.0149 0.378 0.0152 0.378 0.0156 0.396 0.191 0.284 0.0157 0.399 0.0161 0.409 0.0165 0.419 0.201 0.299 27.5
28.5 0.0134 0.34 0.0137 0.34 0.014 0.356 0.151 0.225 0.0141 0.358 0.0145 0.368 0.0149 0.378 0.161 0.240 28.5
29.5 0.012 0.305 0.0123 0.305 0.0126 0.32 0.119 0.177 0.0127 0.323 0.0131 0.333 0.0135 0.343 0.129 0.192 29.5
* Nominal Weight, see page 19
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AWG SIZE NOMINAL DIAMETER COPPER ALUMINUM AWG SIZE
inches millimeters 8500 PSI 598 kg/cm2 5500 PSI 387 kg/cm2
4 .2043 5.189 278 lbs 126 kg 180 lbs 81.6 kg 4
5 .1819 4.620 221 lbs 100 kg 143 lbs 64.8 kg 5
6 .1620 4.115 175 lbs 79.4 kg 113 lbs 5.12 kg 6
7 .1443 3.665 139 lbs 63.0 kg 90.0 lbs 40.8 kg 7
8 .1285 3.264 110 lbs 49.9 kg 71.4 lbs 32.4 kg 8
9 .1144 2.906 87.2 lbs 39.5 kg 56.4 lbs 25.6 kg 9
10 .1019 2.588 73.7 lbs 33.4 kg 44.8 lbs 20.3 kg 10
11 .0907 2.304 54.9 lbs 24.9 kg 35.5 lbs 16.1 kg 11
12 .0808 2.052 43.8 lbs 19.9 kg 28.3 lbs 12.8 kg 12
13 .0720 1.829 34.5 lbs 15.6 kg 22.3 lbs 10.1 kg 13
14 .0641 1.628 27.5 lbs 12.5 kg 17.8 lbs 8.07 kg 14
15 .0571 1.450 21.8 lbs 9.99 kg 14.1 lbs 6.53 kg 15
16 .0508 1.290 17.3 lbs 7.85 kg 11.2 lbs 5.08 kg 16
17 .0453 1.151 13.8 lbs 6.26 kg 8.90 lbs 4.04 kg 17
18 .0403 1.024 10.9 lbs 4.94 kg 7.05 lbs 3.20 kg 18
19 .0359 .912 8.58 lbs 3.89 kg 5.55 lbs 2.52 kg 19
20 .0320 .813 6.83 lbs 3.10 kg 4.42 lbs 2.00 kg 20
21 .0285 .724 5.43 lbs 2.46 kg 3.51 lbs 1.59 kg 21
22 .0253 .643 4.28 lbs 1.94 kg 2.77 lbs 1.26 kg 22
23 .0226 .574 3.40 lbs 1.54 kg 2.20 lbs .998 kg 23
24 .0201 .511 2.71 lbs 1.23 kg 1.75 lbs .794 kg 24
25 .0179 .455 2.15 lbs .975 kg 1.39 lbs .630 kg 25
26 .0159 .404 1.70 lbs .771 kg 1.10 lbs .499 kg 26
27 .0142 .361 1.35 lbs .612 kg 13.9 oz .394 kg 27
28 .0126 .320 1.07 lbs .485 kg 11.0 oz .312 kg 28
29 .0113 .287 13.6 oz .385 kg 6.88 oz .195 kg 29
30 .0100 .254 10.7 oz .303 kg 30
31 .0089 .226 8.45 oz .240 kg 31
32 .0080 .203 6.83 oz .194 kg 32
33 .0071 .180 5.38 oz .152 kg 33
34 .0063 .160 4.24 oz .120 kg 34
35 .0056 .142 3.35 oz 95.0 g 35
36 .0050 .127 2.67 oz 75.7 g 36
37 .0045 .114 2.16 oz 61.2 g 37
38 .0040 .102 1.71 oz 48.5 g 38
39 .0035 .089 1.30 oz 36.9 g 39
40 .0031 .079 1.03 oz 29.2 g 40
41 .0028 .071 .837 oz 23.7 g 41
42 .0025 .064 .667 oz 18.9 g 42
43 .0022 .056 .517 oz 14.7 g 43
44 .0020 .051 .427 oz 12.1 g 44
Recommended Winding Tensions – Copper and Aluminum
Alcatel Magnet Wire Inc.
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Winding Space Factors
(basis – square lay)
Chart expresses percentage of cross
sectional area
occupied by bare conductor.
Winding Space Factor Chart
Alcatel Magnet Wire Inc.
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Property Annealed Copper Annealed Aluminum
Volume electrical conductivity
minumum percent I.A.C.S 100.0 61.8
Density
lb/in3 0.32117 0.09765
kg/m3 8888.4 272.05
Weight resistivity
ohm-circular mil/ft 10.371 16.782
ohm-mm2/m 17.2417x10-3 27.898x10-3
Volume resistivity
micro-ohm-inch 0.67881 1.0928
micro-ohm-mm 17.2417 27.7574
Temperature coefficient of resistance
ohm/°C 0.00393 0.00410
Specific heat
cal/gm/°C 0.092 0.214
Coefficient of thermal conductivity
cal/sec/cm2/cm/°C 0.934 0.57
Coefficient of linear expansion/°C 0.0000168 0.0000238
Physical Constants at 20°C
Alcatel Magnet Wire Inc.
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Copper Aluminum
Weight lb/1000 ft 3854 × A 1172 × A
kg/km 8.8897 × a 2.7034 × a
Length ft/lb 0.25947 0.85336
A A
m/kg 112.5066 370.0184
a a
Resistance ohm/1000 ft 8.145 × 10-3 13.1806 × 10-3
A A
ohm/km 17.2417 27.7474
a a
ohm/lb 2.1135 × 10-6 11.212 × 10-6
A2 A2
ohm/kg 1.93975 10.2903
a2 a2
A = nominal cross sectional area of wire in square inches.
a = nominal cross sectional area of wire in square millimeters.
Formula for Calculating Weights and Resistances at 20°C
Alcatel Magnet Wire Inc.
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Square Wire Data – Annealed Copper
Square AWG Sizes
AWG DIMENSIONS NOMINAL AREA NOMINAL  RESISTANCE AT 20°C PHYSICAL DATA FOR AWG
SIZE NOMINAL DIMENSIONS SIZE
Minimum Nominal Maximum
cir sq. sq. ohms/ ohms/ ohms/ ohms/ lbs/ kg/ ft/ m/
in mm in mm in mm mils in mm 1000 ft km lb kg 1000 ft km lb kg
2 .2550 6.477 .2576 6.543 .2602 6.609 82738 .064984  41.925 .1254 .4113 .0005005 .001104 250.4 372.6 3.993 2.684 2
3 .2271 5.768 .2294 5.827 .2317 5.885 65252  .051249  33.064 .1589 .5215 .0008046 .001774 197.5 293.9 5.063 3.403 3
4 .2023 5.138 .2043 5.189 .2053 5.215 51393  .040364  26.042 .2018 .6621 .001297 .002860 155.6 231.4 6.428 4.320 4
5 .1801 4.575 .1819 4.620 .1828 4.643 40380  .031714  20.461 .2568 .8427 .002101 .004633 122.2 181.8 8.182 5.499 5
6 .1604 4.074 .1620 4.115 .1628 4.135 32295  .025364  16.364 .3212 1.054 .003285 .007243 97.75 145.4 10.23 6.876 6
7 .1429 3.630 .1443 3.665 .1450 3.683 25391  .019942  12.866 .4085 1.340 .005315 .01172 76.86 114.4 13.01 8.744 7
8 .1272 3.231 .1285 3.264 .1292 3.282 19904  .015633  10.086 .5211 1.710 .008648 .01907 60.25 89.65 16.60 11.16 8
9 .1133 2.878 .1144 2.906 .1150 2.921 15294  .012012  8.069 .6781 2.225 .01465 .03230 46.29 68.87 21.60 14.52 9
10 .1009 2.563 .1019 2.588 .1024 2.601 12481  .009803  6.325 .8309 2.726 .02199 .04849 37.78 56.21 26.47 17.79 10
11 .0898 2.281 .0907 2.304 .0912 2.317 10366  .008141  5.086 1.001 3.283 .03189 .07032 31.38 46.69 31.87 21.42 11
12 .0800 2.032 .0808 2.052 .0812 2.062 7857  .006185  3.990 1.317 4.321 .05525 .1218 23.84 35.47 41.95 28.19 12
13 .0713 1.811 .0720 1.829 .0724 1.839 6320  .004964  3.203 1.641 5.384 .08577 .1891 19.13 28.46 52.27 35.13 13
14 .0635 1.613 .0641 1.628 .0644 1.636 4951  .003889  2.509 2.095 6.873 .1398 .3083 14.99 22.30 66.72 44.84 14
Bare Wire Characteristics for all Square and Rectangular Copper Products  (corner radii)
SPECIFIED THICKNESS CORNER RADIUS AREA REDUCTION WEIGHT REDUCTION
Inches Millimeters sq. mils sq. millimeters lbs/1000 ft kg/km
Width .189" Width 4.801mm Width .189" Width 4.801mm Width .189" Width 4.801mm
under to under to under to under to under to under to
Inches Millimeters .189" 751" 4.801mm 19.075mm .189" .751" 4.801mm 19.075mm .189" .751" 4.801mm 19.075mm
.439–.226 11.15–5.740 .040 1.016 1373 .8858 5.29 7.871
.225–.166 5.715–4.216 .040 .040 1.016 1.016 1373 1373 .8858 .8858 5.29 5.29 7.871 7.871
.165–.126 4.191–3.200 .032 .032 .813 .813 879 879 .5671 .5671 3.39 3.39 5.044 5.044
.125–.096 3.175–2.438 .026 .032 .660 .813 580 879 .3742 .5671 2.24 3.39 3.333 5.044
.095–.061 2.413–1.549 .020 .032 .508 .813 343 879 .2213 .5671 1.32 3.39 1.964 5.044
Under .061 Under 1.549 Round Round Round Round (a) (a) (b) (b)
Edge Edge Edge Edge
Based on ASTM Specification B48-68
(a) = Rounded edge area reduction in square mils is 214600 T2, where T is wire thickness in inches.
(b) = Rounded edge area reduction in square millimeters is .2146 t2, where t is wire thickness in millimeters.
Alcatel Magnet Wire Inc.
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Square Wire Data – Annealed Aluminum
Square AWG Sizes
AWG DIMENSIONS NOMINAL AREA NOMINAL  RESISTANCE AT 20°C PHYSICAL DATA FOR AWG
SIZE NOMINAL DIMENSIONS SIZE
Minimum Nominal Maximum
cir sq. sq. ohms/ ohms/ ohms/ ohms/ lbs/ kg/ ft/ m/
in mm in mm in mm mils in mm 1000 ft km lb kg 1000 ft km lb kg
1/0 .3217 8.171 .3249 8.252 .3281 8.334 132655 .104187 67.217 .1265 .4128 .001033 .002278 122.11 181.71 8.191 5.505 1/0
1 .2864 7.275 .2893 7.348 .2922 7.422 104814 .082321 53.110 .1601 .5225 .001655 .003648 96.48 143.58 10.37 6.967 1
2 .2550 6.477 .2576 6.543 .2602 6.609 82738 .064984 41.925 .2022 .6633 .002655 .005854 76.16 113.3 13.13 8.825 2
3 .2271 5.768 .2294 5.827 .2317 5.885 65252 .051249 33.064 .2564 .8411 .004269 .009413 60.06 89.37 16.65 11.19 3
4 .2023 5.138 .2043 5.189 .2053 5.215 51393 .040364 26.042 .3255 1.068 .006882 .01517 47.31 70.39 21.14 14.21 4
5 .1801 4.575 .1819 4.620 .1828 4.643 40380 .031714 20.461 .4143 1.359 .01115 .02458 37.17 55.30 26.90 18.08 5
6 .1604 4.074 .1620 4.115 .1628 4.135 32295 .025364 16.364 .5180 1.700 .01743 .03843 29.73 44.23 33.64 22.61 6
7 .1429 3.630 .1443 3.665 .1450 3.683 25391 .019942 12.866 .6589 2.162 .02819 .06217 23.37 34.78 42.79 28.76 7
8 .1272 3.231 .1285 3.264 .1292 3.282 19904 .015633 10.086 .8405 2.757 .04588 .1012 18.32 27.26 54.58 36.68 8
9 .1133 2.878 .1144 2.906 .1150 2.921 15294 .012012 8.069 1.094 3.589 .07771 .1713 14.08 20.95 71.03 47.74 9
10 .1009 2.563 .1019 2.588 .1024 2.601 12481 .009803 6.325 1.340 4.397 .1167 .2573 11.49 17.09 87.04 58.50 10
11 .0898 2.281 .0907 2.304 .0912 2.317 10366 .008141 5.086 1.614 5.295 .1692 .3730 9.541 14.20 104.8 70.44 11
12 .0800 2.032 .0808 2.052 .0812 2.062 7857 .006185 3.990 2.124 6.970 .2931 .6463 7.249 10.79 137.9 92.72 12
13 .0713 1.811 .0720 1.829 .0724 1.839 6320 .004964 3.203 2.647 8.684 .4550 1.003 5.818 8.656 171.9 115.5 13
14 .0635 1.613 .0641 1.628 .0644 1.636 4951 .003889 2.509 3.379 11.084 .7413 1.635 4.558 6.782 219.4 147.5 14
Bare Wire Characteristics for all Square and Rectangular Aluminum Products  (corner radii)
SPECIFIED THICKNESS CORNER RADIUS AREA REDUCTION WEIGHT REDUCTION
Inches Millimeters sq. mils sq. millimeters lbs/1000 ft kg/km
Width .189" Width 4.801mm Width .189" Width 4.801mm Width .189" Width 4.801mm
under to under to under to under to under to under to
Inches Millimeters .189" 751" 4.801mm 19.075mm .189" .751" 4.801mm 19.075mm .189" .751" 4.801mm 19.075mm
.439–.226 11.15–5.740 .040 1.016 1373 .8858 1.61 2.396
.225–.166 5.715–4.216 .040 .040 1.016 1.016 1373 1373 .8858 .8858 1.61 1.61 2.396 2.396
.165–.126 4.191–3.200 .032 .032 .813 .813 879 879 .5671 .5671 1.03 1.03 1.533 1.533
.125–.096 3.175–2.438 .026 .032 .660 .813 580 879 .3742 .5671 0.68 1.03 1.012 1.533
.095–.061 2.413–1.549 .020 .032 .508 .813 343 879 .2213 .5671 0.40 1.03 0.595 1.533
Under .061 Under 1.549 Round Round Round Round (a) (a) (b) (b)
Edge Edge Edge Edge
Based on ASTM Specification B324-69
(a) = Rounded edge area reduction in square mils is 214600 T2, where T is wire thickness in inches.
(b) = Rounded edge area reduction in square millimeters is .2146 t2, where t is wire thickness in millimeters.
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Square and Rectangular Wire Data – Copper and Aluminum
Rectangular Bare Standards
Maximum Permissible Variation in Rectangular Wire – Thickness
SPECIFIED THICKNESS THICKNESS, PLUS AND MINUS
1.000 to .501 .500 inches 25.4 to 12.73 12.7
inches and under millimeters millimeters
Inches Millimeters in width in width in width and under
.500 to .301 12.70 to 7.65 1% .003 inches 1% .08 mm
.300 to .101 7.62 to 2.57 1% 1% 1% 1%
.100 and under 2.54 and under .001 inches .001 inches .03 mm .03 mm
Maximum Permissible Variation in Rectangular Wire – Width
SPECIFIED WIDTH WIDTH, PLUS AND MINUS
Inches Millimeters
.500 and over 12.73 and over 1 % but not to exceed .016 inches (.4 mm)
.500 to .301 12.70 to 7.65 .003 inches (.08 mm)
.300 to .101 7.62 to 2.57 1 %
.100 and under 2.54 and under .001 inches (.03 mm)
Based on ASTM Specification B48-68 (CU) B324-69 (AL)
Additions for Film Covered Rectangular and Square Wire
Rectangular Wire Inches Millimeters
Single Thickness .0015–.0025 .038–.064
Single Width .0015–.0025 .038–.064
Heavy Thickness .0030–.0050 .076–.127
Heavy Width .0025–.0045 .064–.114
Extra Heavy Thickness .005–.007 .127–.178
Extra Heavy Width .004–.006 .102–.152
Square Wire Above thickness limits apply.
Dimensions shown above are consistent with NEMA MW 1000.
Note: Maximum addition may be exceeded provided the overall dimension of the insulated wire does not exceed the sum
of the maximum bare wire dimension plus the maximum addition of the film insulation.
Alcatel Magnet Wire Inc.
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Resistance Variation with Temperature
The resistance of a conductor varies
with temperature as follows:
Rt = Rt1 (1+αt1(t-t1))
where:
Rt is the resistance at any
temperature t, Rt1 is the known
resistance at the stated temperature t1.
αt1 is the temperature coefficient of
resistance at the stated temperature.
Because it is most practical to measure
resistance at room temperature, it is
convenient to choose 20°C as the
stated temperature t1. The formula thus
becomes:
Rt = R20 (1+α20 (t - 20))
The temperature coefficient of
resistance varies with conductivity n,
as well as temperature.
α t1
=           1
(1/na) + (t1 - 20)
Where a is the temperature coefficient
of resistance for the given conductivity,
n, at 20°C.
n
Conductor  a (I.A.C.S)
Copper 0.00393 100%
Aluminum 0.00660 61.8%
For a temperature of 20°C the
coefficient becomes:
α20 = .00393 for Copper
= .00408 for Aluminum
Thus the resistance formula for copper
becomes:
Rt = R20 (1+.00393 (t - 20)
= 234.5 + t × R20
254.5
For aluminum
Rt = R20 (1+.00408 (t - 20)
= 245.1 + t × R20
245.1
Thus conversion of resistances at
operating temperatures to resistance at
20°C is achieved by multiplying by the
inverses of the factors.
That is:
R20 = 254 x  Rt1 for CU
234.5 + t
R20 = 245.1    x  Rt1 for AL
225.1 + t
These factors for converting resistance
to 20°C are listed from 0 to 250°C in
the following tables on the next two
pages.
Alcatel Magnet Wire Inc.
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°C Factor °C Factor °C Factor °C Factor °C Factor
0 1.0853
1 1.0807 51 .8914 101 .7586 151 .6602 201 .5844
2 1.0761 52 .8883 102 .7563 152 .6585 202 .5830
3 1.0716 53 .8852 103 .7541 153 .6568 203 .5817
4 1.0671 54 .8821 104 .7518 154 .6551 204 .5804
5 1.0626 55 .8791 105 .7496 155 .6534 205 .5791
6 1.0582 56 .8761 106 .7474 156 .6517 206 .5778
7 1.0538 57 .8731 107 .7452 157 .6501 207 .5764
8 1.0495 58 .8701 108 .7431 158 .6484 208 .5751
9 1.0452 59 .8671 109 .7409 159 .6468 209 .5738
10 1.0409 60 .8642 110 .7388 160 .6451 210 .5726
11 1.0367 61 .8613 111 .7366 161 .6435 211 .5713
12 1.0325 62 .8583 112 .7345 162 .6419 212 .5700
13 1.0283 63 .8555 113 .7324 163 .6403 213 .5687
14 1.0241 64 .8526 114 .7303 164 .6386 214 .5674
15 1.0200 65 .8497 115 .7282 165 .6370 215 .5662
16 1.0160 66 .8469 116 .7261 166 .6355 216 .5649
17 1.0119 67 .8441 117 .7240 167 .6339 217 .5637
18 1.0079 68 .8413 118 .7220 168 .6323 218 .5624
19 1.0039 69 .8386 119 .7199 169 .6307 219 .5612
20 1.0000 70 .8358 120 .7179 170 .6292 220 .5600
21 .9961 71 .8331 121 .7159 171 .6276 221 .5587
22 .9922 72 .8303 122 .7139 172 .6261 222 .5575
23 .9883 73 .8276 123 .7119 173 .6245 223 .5563
24 .9845 74 .8250 124 .7099 174 .6230 224 .5551
25 .9807 75 .8223 125 .7079 175 .6215 225 .5539
26 .9770 76 .8196 126 .7060 176 .6200 226 .5527
27 .9732 77 .8170 127 .7040 177 .6185 227 .5515
28 .9695 78 .8144 128 .7021 178 .6170 228 .5503
29 .9658 79 .8118 129 .7001 179 .6155 229 .5491
30 .9622 80 .8092 130 .6982 180 .6140 230 .5479
31 .9586 81 .8067 131 .6963 181 .6125 231 .5467
32 .9550 82 .8041 132 .6944 182 .6110 232 .5456
33 .9514 83 .8016 133 .6925 183 .6096 233 .5444
34 .9479 84 .7991 134 .6906 184 .6081 234 .5432
35 .9443 85 .7966 135 .6888 185 .6067 235 .5421
36 .9409 86 .7941 136 .6869 186 .6052 236 .5409
37 .9374 87 .7916 137 .6851 187 .6038 237 .5398
38 .9339 88 .7891 138 .6832 188 .6024 238 .5386
39 .9305 89 .7867 139 .6814 189 .6009 239 .5375
40 .9271 90 .7843 140 .6796 190 .5995 240 .5364
41 .9238 91 .7819 141 .6778 191 .5981 241 .5352
42 .9204 92 .7795 142 .6760 192 .5967 242 .5341
43 .9171 93 .7771 143 .6742 193 .5953 243 .5330
44 .9138 94 .7747 144 .6724 194 .5939 244 .5319
45 .9106 95 .7724 145 .6706 195 .5925 245 .5308
46 .9073 96 .7700 146 .6689 196 .5912 246 .5297
47 .9041 97 .7677 147 .6671 197 .5898 247 .5286
48 .9009 98 .7654 148 .6654 198 .5884 248 .5275
49 .8977 99 .7631 149 .6636 199 .5871 249 .5264
50 .8946 100 .7608 150 .6619 200 .5857 250 .5253
Factors for Converting Copper Resistance to 20°C
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Factors for Converting Aluminum Resistance to 20°C
°C Factor °C Factor °C Factor °C Factor °C Factor
0 1.0889
1 1.0840 51 .8877 101 .7516 151 .6517 201 .5752
2 1.0793 52 .8845 102 .7493 152 .6500 202 .5739
3 1.0745 53 .8813 103 .7470 153 .6482 203 .5725
4 1.0698 54 .8782 104 .7448 154 .6465 204 .5712
5 1.0652 55 .8750 105 .7425 155 .6448 205 .5699
6 1.0606 56 .8719 106 .7403 156 .6431 206 .5685
7 1.0560 57 .8688 107 .7380 157 .6415 207 .5672
8 1.0515 58 .8658 108 .7358 158 .6398 208 .5659
9 1.0470 59 .8627 109 .7336 159 .6381 209 .5646
10 1.0425 60 .8597 110 .7314 160 .6365 210 .5633
11 1.0381 61 .8567 111 .7292 161 .6348 211 .5620
12 1.0337 62 .8537 112 .7271 162 .6332 212 .5607
13 1.0294 63 .8507 113 .7249 163 .6315 213 .5595
14 1.0251 64 .8478 114 .7228 164 .6299 214 .5582
15 1.0208 65 .8449 115 .7207 165 .6283 215 .5569
16 1.0166 66 .8420 116 .7186 166 .6267 216 .5557
17 1.0124 67 .8391 117 .7165 167 .6251 217 .5544
18 1.0082 68 .8362 118 .7144 168 .6235 218 .5531
19 1.0041 69 .8334 119 .7123 169 .6219 219 .5519
20 1.0000 70 .8306 120 .7102 170 .6203 220 .5507
21 .9959 71 .8278 121 .7082 171 .6188 221 .5494
22 .9919 72 .8250 122 .7061 172 .6172 222 .5482
23 .9879 73 .8222 123 .7041 173 .6157 223 .5470
24 .9839 74 .8195 124 .7021 174 .6141 224 .5458
25 .9800 75 .8167 125 .7001 175 .6126 225 .5445
26 .9761 76 .8140 126 .6981 176 .6111 226 .5433
27 .9722 77 .8113 127 .6961 177 .6095 227 .5421
28 .9684 78 .8086 128 .6941 178 .6080 228 .5409
29 .9646 79 .8060 129 .6922 179 .6065 229 .5397
30 .9608 80 .8033 130 .6902 180 .6050 230 .5386
31 .9570 81 .8007 131 .6883 181 .6035 231 .5374
32 .9533 82 .7981 132 .6864 182 .6021 232 .5362
33 .9496 83 .7955 133 .6844 183 .6006 233 .5350
34 .9460 84 .7929 134 .6825 184 .5991 234 .5339
35 .9423 85 .7904 135 .6806 185 .5977 235 .5327
36 .9387 86 .7878 136 .6788 186 .5962 236 .5316
37 .9351 87 .7853 137 .6769 187 .5948 237 .5304
38 .9316 88 .7828 138 .6750 188 .5933 238 .5293
39 .9281 89 .7803 139 .6732 189 .5919 239 .5281
40 .9246 90 .7778 140 .6713 190 .5905 240 .5270
41 .9211 91 .7754 141 .6695 191 .5890 241 .5259
42 .9176 92 .7729 142 .6677 192 .5876 242 .5247
43 .9142 93 .7705 143 .6658 193 .5862 243 .5236
44 .9108 94 .7681 144 .6640 194 .5848 244 .5225
45 .9074 95 .7657 145 .6623 195 .5834 245 .5214
46 .9041 96 .7633 146 .6605 196 .5820 246 .5203
47 .9008 97 .7609 147 .6587 197 .5807 247 .5192
48 .8975 98 .7586 148 .6569 198 .5793 248 .5181
49 .8942 99 .7562 149 .6552 199 .5779 249 .5170
50 .8909 100 .7539 150 .6534 200 .5766 250 .5159
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The resistance of a given length of
wire is inversely proportional to its
cross-sectional area, and thus for
round wire the square of its diameter:
Resistance Copper Aluminum
ohm/1000 ft 8.1454 × 10-3 = 10.371 × 10-3 13.1806 × 10-3 = 16.782 × 10-3
A D2  A D2
ohm/km 17.2417 = 21.9519   27.7474 = 35.3291
a d2 a d2
where:D is the diameter in inches
d is the diameter in millimeters
A is the cross-sectional area in square inches
a is the cross-sectional area in square millimeters
It is easily seen that the resistance will
reach its maximum when the wire
approaches its minimum diameter.
The wire diameter corresponding to
any resistance measurement is given
by the following formulae:
Units Copper Aluminum
Inches D = 0.1019 D = 0.1295
R R
Millimeters d = 4.685 d = 5.944
r r
where:R is the resistance in ohms/in
r is the resistance in ohms/km
Variations in Conductor Resistance Due to Diameter Tolerance
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SI Prefixes
Multiplying factor Prefix Symbol
1 000 000 000 000 = 1012 tera T
1 000 000 000 = 109 giga G
1 000 000 = 106 mega M
1 000 = 103 kilo k
100 = 102 hecto h
10 = 101 deca da
0.1 = 10-1 deci d
0.01 = 10-2 centi c
0.001 = 10-3 milli m
0.000 001 = 10-6 micro μ
0.000 000 001 = 10-9 nano n
0.000 000 000 001 = 10-12 pico p
0.000 000 000 000 001 = 10-15 femto f
0.000 000 000 000 000 001 = 10-18 atto a
NOTICE
Alcatel Magnet Wire Inc. has
endeavoured to ensure the
accuracy of the data in this
publication, however we cannot
be liable for the consequences of
errors or omissions. All data is
subject to change without notice.
The installer and/or user assumes
all liability for the consequences of
the installation and/or use of any
of our products in contravention of
any applicable law, regulation or
code.
Temperature Conversion
°F to °C:  °C = (°F minus 32) x 5/9
°C to °F:  °F = (°C x 9/5) plus 32
Wire and Cable Metric Calculations
Dimensions
Length
mils x 0.0254 = mm (millimetres)
inches x 25.4 = mm
feet x 0.3048 = m (metres)
miles x 1.609344 = km (kilometres)
Area
circular mils x 0.0005067 = mm2
(square millimetres)
sq. in x 645.16 = mm2
sq. ft. x 0.092903 = m2
(square metres)
sq. yd. x 0.836127 = m2
sq. mi. x 2.58999 = km2
(square kilometres)
Volume
cu. in. x 16.387 = cm3
(cubic centimetres)
cu. ft. x 0.028317 = m3
(cubic metres)
gallons x 4.54609 = L (litres)
U.S. gal. x 3.7854 = L (litres)
Mass
pounds x 0.45359 = kg (kilograms)
tons (2000 lb) x 0.907185 = t
(metric tonnes)
Mass per unit length
lb/1000 ft. x 1.48816 = kg/km
(kilograms per kilometre)
lb/mi x 0.28185 = kg/km
Solid wire weight
mm2 x 8.89 = kg/km (for copper)
mm2 x 2.70 = kg/km (for aluminum)
mm2 x 7.83 = kg/km (for steel)
Force or Tension
pounds (force) x 4.448 = N
(newtons)
mass (in kg) x 9.8066 = N
(weight at or near sea level)
Force per unit area
(stress, pressure, tensile strength, etc.)
lbf/in2 = (psi) x 6.895 = kPa
(kilopascals)
lbf/in2 x 0.006895  = MPa
(megapascals)
N/mm2 = MPa
Note
Kilopascals are used generally for fluid
pressures. Megapascals are used
generally for stresses in materials, i.e.
for tensile stress, modulus of elasticity,
etc.SI Prefixes
Alcatel Magnet Wire Inc.
29
CABLE
Corporate Offices
Alcatel Canada Wire Inc.
140 Allstate Parkway
Markham, Ontario
Canada
L3R 0Z7
Telephone (905) 944-4300
Fax (905) 944-4340
Customer Sales and Service
Toll Free
Canada (except Québec)
(800) 265-8072
Québec
(800) 361-4534
United States of America
(800) 265-6702
Facsimile
(519) 426-2458
Alcatel Scanwire Corporation
914 Stiles Drive
Addison, Illinois
60101, USA
Telephone (708) 628-8440
Facsimile (708) 628-8960
Manufacturing Locations
LaGrange, Kentucky
Simcoe, Ontario
Montréal, Québec
THHN Price/M Price/M Price/M
14ͲSOLID $69.39 $56.55 $193.53
12ͲSOLID $98.32 $77.36 $279.61
10ͲSOLID $156.59 $382.59
14ͲSTR $88.65 Price/M $187.87
12ͲSTR $110.84 $53.74 $224.53
10ͲSTR $169.49 $74.58 $332.98
8ͲSTR $304.67 $457.11
6ͲSTR $468.76 Price/M $691.28
4ͲSTR $672.58 $78.22 $1,045.85
3ͲSTR $842.53 $128.95 $1,698.61
2ͲSTR $1,054.57 $203.90 $2,304.73
1ͲSTR $1,363.89 $291.95 $2,878.46
1/0ͲSTR $1,635.50 $462.33 $3,618.27
2/0ͲSTR $2,050.15 $798.79 $4,521.48
3/0ͲSTR $2,571.96 $1,195.70 $5,163.49
4/0ͲSTR $3,191.51 $303.52 $5,466.00
250MCM $3,870.62 $477.90 $7,078.97
300MCM $4,668.02 $790.48 $8,017.25
350MCM $5,465.80 $1,237.19 $9,147.28
400MCM $6,583.36 $1,807.26 $10,726.09
500MCM $7,565.57 $2,180.94 $12,894.79
600MCM $9,712.80 $2,748.18 $23,027.42
750MCM $18,230.68 $3,326.66
$4,273.91 Price/M
XHHW Price/M $6,574.74 $64.01
14ͲSTR $111.00 $7,850.45 $88.48
12ͲSTR $166.40 $14,508.20 $129.97
10ͲSTR $249.43 $21,244.87 $168.98
8ͲSTR $384.32 $261.67
6ͲSTR $571.93 Price/M $484.13
4ͲSTR $881.94 $760.61 $783.04
3ͲSTR $1,095.29 $1,215.77 $1,284.50
2ͲSTR $1,375.15 $1,617.44 $1,882.19
1ͲSTR $1,891.82 $1,838.74
1/0ͲSTR $2,350.36 $2,537.80 Price/M
2/0ͲSTR $2,937.32 $2,862.21 $3,187.05
3/0ͲSTR $3,677.19 $3,549.28 $4,423.70
4/0ͲSTR $4,306.48 $3,797.80 $5,949.45
250MCM $4,774.84 $4,112.88 $6,928.97
300MCM $5,759.80 $4,468.25 $8,714.63
350MCM $6,201.76 $5,772.64 $10,935.40
400MCM $7,118.54 $7,140.02 $13,680.74
500MCM $8,318.12 $8,940.11 $17,155.01
600MCM $10,736.14 $11,204.91 $21,568.89
750MCM $21,612.37 $12,571.52
*PricesSubjecttoChange
PRICINGASOF: T2
*AllStockSubjecttoPriorSale
1/0Ͳ1/0Ͳ1/0Ͳ21Ͳ1Ͳ1
2/0Ͳ2/0Ͳ2/0
*WeReservetheRighttoLimitQuantitiesonConduit&Wire
WIRE&CONDUIT
3/0Ͳ3/0Ͳ3/0Ͳ1/0
4/0Ͳ4/0Ͳ4/0Ͳ2/0
Wednesday,May07,2014
3Ͳ3Ͳ3
3/0Ͳ3/0Ͳ3/0
1/0Ͳ1/0Ͳ1/0 2/0Ͳ2/0Ͳ2/0Ͳ1
CUSER
6Ͳ6Ͳ6Ͳ6
4Ͳ4Ͳ4Ͳ6
3Ͳ3Ͳ3Ͳ5
4Ͳ4Ͳ6
4Ͳ4Ͳ4
3Ͳ3Ͳ5
2Ͳ2Ͳ2Ͳ4
1Ͳ1Ͳ1Ͳ3
SDͲ3/0ͲSTR
SDͲ4/0ͲSTR
SDͲ250ͲSTR
18ͲSTR
8ͲSTR
14ͲSTR
12ͲSTR
SDͲ500ͲSTR
SDͲ1000ͲSTR
SDͲ350ͲSTR
SDͲ4ͲSTR
SDͲ1/0ͲSTR
SDͲ8ͲSTR
SDͲ6ͲSTR
SDͲ2/0ͲSTR
250ͲSTR
300ͲSTR
350ͲSTR
400ͲSTR
SDͲ750ͲSTR
2ͲSTR
4ͲSTR
2/0ͲSTR
500ͲSTR
600ͲSTR
750ͲSTR
3/0ͲSTR
MTW
6ͲSTR
16ͲSOLID
10Ͳ10Ͳ10
8Ͳ8Ͳ8
6Ͳ6Ͳ8
CUSEU
12ͲSTR
10ͲSTR
8ͲSTR
16ͲSTR
10ͲSTR
4/0ͲSTR
2ͲSTR
1ͲSTR
1/0ͲSTR
CUUSE
TFN
BARE 6ͲSTR
16ͲSTR
18ͲSOLID
12ͲSOL
10ͲSOL
14ͲSTR
8ͲSOL
4ͲSTR
SDͲ8ͲSOLͲCU
SDͲ6ͲSOLͲCU
SDͲ12ͲSOLͲCU
6Ͳ6Ͳ6
4/0Ͳ4/0Ͳ4/0
2Ͳ2Ͳ4
2Ͳ2Ͳ2
COPPERWIRE
SDͲ2ͲSTR
TFFN
SDͲ14ͲSOLͲCU
18ͲSTR
SDͲ10ͲSOLͲCU
WIRE&CONDUIT
AskAboutWESCO'sWire
CuttingandParallelingCapabilities!!!
ContactInfo:
WESCO
jwiest@wesco.com
SDͲ4ͲSOLͲCU
SDͲ2ͲSOLͲCU
XHHW Price/M Price/M Price/M
6XHHW $144.70 $549.46 $1,184.15
4XHHW $179.22 $553.91 $1,560.35
2XHHW $243.38 $650.46 $2,586.71
1XHHW $355.34 $710.96 $5,583.85
1/0XHHW $426.14 $870.24
2/0XHHW $504.03 $949.43 Price/M
3/0XHHW $625.72 $1,285.34 $801.36
4/0XHHW $695.64 $1,375.66 $999.33
250XHHW $848.75 $1,444.62 $1,285.69
300XHHW $1,172.67 $1,551.40 $1,580.08
350XHHW $1,192.14 $1,659.51 $2,080.47
400XHHW $1,393.93 $2,139.12 $2,642.23
500XHHW $1,537.30 $2,321.98 $3,283.61
600XHHW $1,947.96 $643.34
700XHHW $2,248.43 $728.32
750XHHW $2,272.32 $816.41
900XHHW $3,117.97 $1,202.59
1000XHHW $3,382.15 $1,563.85
$1,820.57
ALUSE Price/M $2,144.01
6USE $182.15 $2,644.98
4USE $209.54 $3,056.97
2USE $289.43 $3,532.57
1USE $400.82 $3,826.21
1/0USE $495.32
2/0USE $581.15 Price/M
3/0USE $684.32 $419.31
4/0USE $760.56
250USE $1,032.19 Price/M
300USE $1,341.71 $631.15
350USE $1,371.84 $734.89
400USE $1,674.52 $921.16
500USE $1,842.52 $916.78
600USE $2,362.04 $1,213.37
700USE $2,647.82 $1,113.29
750USE $2,749.16 $1,319.29
1000USE $3,423.90 $1,817.49
$2,281.36
$3,012.59
$4,400.55
*PricesSubjecttoChange
PRICINGASOF: T2
4/0Ͳ4/0Ͳ2/0XLP
2Ͳ2Ͳ2Ͳ4XLP
1/0Ͳ1/0Ͳ1/0Ͳ2XLP
ContactInfo:
DUPLEXURD
250Ͳ250Ͳ250Ͳ3/0
*WeReservetheRighttoLimitQuantitiesonConduit&Wire
QUADURD
300Ͳ300Ͳ300Ͳ4/0
2Ͳ2Ͳ4USE/RHH/RHWͲ2
Wednesday,May07,2014
AskAboutWESCO'sWire
CuttingandParallelingCapabilities!!!
250Ͳ250Ͳ3/0USE/RHH/RHWͲ2
4Ͳ4Ͳ4USE/RHH/RHWͲ2
1/0Ͳ1/0Ͳ2USE/RHH/RHWͲ2
350Ͳ350Ͳ4/0USE/RHH/RHWͲ2
4/0Ͳ4/0Ͳ4/0Ͳ2/0XLP
4Ͳ4Ͳ4XLP
2Ͳ2Ͳ4XLP
250Ͳ250Ͳ3/0XLP
1/0Ͳ1/0Ͳ1/0Ͳ2
1/0Ͳ1/0Ͳ1/0XLP
1/0Ͳ1/0Ͳ2XLP
500Ͳ500Ͳ350XLP
2/0Ͳ2/0Ͳ1XLP
TRIPLERATEDURD
2/0Ͳ2/0Ͳ1USE/RHH/RHWͲ2
350Ͳ350Ͳ350Ͳ4/0XLP
4/0Ͳ4/0Ͳ2/0USE/RHH/RHWͲ2
WIRE&CONDUIT
ContactInfo:
*AllStockSubjecttoPriorSale
2/0Ͳ2/0Ͳ2/0
TRIPLEXURD
8Ͳ8Ͳ8Ͳ8
6Ͳ6Ͳ6XLP
2/0Ͳ2/0Ͳ2/0Ͳ1
2Ͳ2Ͳ2Ͳ4
1Ͳ1Ͳ1Ͳ3
350Ͳ350Ͳ4/0XLP
2Ͳ2Ͳ2XLP
2Ͳ2Ͳ2
4Ͳ4Ͳ4Ͳ6
1Ͳ1Ͳ1
4/0Ͳ4/0Ͳ4/0
ALUMINUMWIRE
4Ͳ4Ͳ6
4Ͳ4Ͳ4
2Ͳ2Ͳ4
ALUMSEU/SER
8Ͳ8Ͳ8
6Ͳ6Ͳ6
6Ͳ6XLP
4/0Ͳ4/0Ͳ2/0
6Ͳ6Ͳ6Ͳ6
1/0Ͳ1/0Ͳ2
1/0Ͳ1/0Ͳ1/0
2/0Ͳ2/0Ͳ1
3/0Ͳ3/0Ͳ3/0Ͳ1/0
4/0Ͳ4/0Ͳ4/0Ͳ2/0
ROMEX MCCABLE
NMͲB Price/M Price/M Price/M
14Ͳ2Ͳ2 $599.82 $306.10 $438.29
12Ͳ2Ͳ2 $916.07 $469.18 $706.14
14/2ͲWG $236.01 $729.11 $984.41
12/2ͲWG $358.89 $1,166.34 $388.98
10/2ͲWG $593.26 $1,639.36 $695.78
8/2ͲWG $1,025.43 $441.29 $953.43
6/2ͲWG $1,448.26 $669.39 $969.58
14/3ͲWG $343.87 $1,053.68 $1,358.81
12/3ͲWG $515.17 $1,749.60 $2,133.20
10/3ͲWG $888.88 $2,537.73 $526.80
8/3ͲWG $1,485.87 $306.10 $841.63
6/3ͲWG $2,171.46 $469.18 $1,227.96
4/3ͲWG $5,618.48 $729.11 $1,128.98
2/3ͲWG $8,106.94 $441.29 $1,856.84
10/3ͲWOG $932.73 $669.39 $2,760.18
8/3ͲWOG $1,552.57 $1,053.68 $744.13
6/3ͲWOG $2,268.94 $1,749.60 $1,131.07
$2,537.73
CONDUIT
EMT IMC ALUM PVC40 DB60 DB120
Price/C Price/C Price/C Price/C Price/C Price/C
1/2 $27.26 $90.01 $88.77 $17.84
3/4 $45.00 $112.21 $118.15 $21.59
1 $76.12 $173.25 $172.16 $32.86 $27.36 $20.99
11/4 $127.97 $255.29 $235.55 $44.90
11/2 $156.87 $317.96 $291.81 $51.59 $40.31 $35.35
2 $194.72 $396.28 $374.34 $66.27 $37.56 $51.92
21/2 $309.94 $778.23 $616.83 $114.64 $67.67
3 $397.51 $1,027.63 $778.08 $137.20 $82.86 $98.32
31/2 $519.83 $1,208.29 $1,000.05 $179.60
4 $535.77 $1,357.43 $1,121.15 $191.84 $135.89 $163.50
5 $1,643.49 $282.22 $205.49 $248.57
6 $2,163.40 $370.35 $288.34 $351.31
*PricesSubjecttoChange
PRICINGASOF: T2
*AllStockSubjecttoPriorSale
$803.32
12/3ͲWG
$577.27
10/3ͲWG
$86.78
$471.53
12Ͳ3SOLID
$183.99
12Ͳ4SOLID
*WeReservetheRighttoLimitQuantitiesonConduit&Wire Wednesday,May07,2014
$64.46
$4,680.98
$1,242.30
$47.11
12Ͳ2SOLID
14Ͳ4SOLID
AskAboutWESCO'sWire
CuttingandParallelingCapabilities!!!
14Ͳ3SOLID
MCCABLE
14Ͳ2SOLID
12Ͳ3HCFSOLID
12Ͳ2STR
8/3ͲWG
12/2ͲWOG
UF
10Ͳ2SOLID
14/2ͲWOG
$30.11
$211.99
$131.41
$1,666.88
$568.71
$1,690.49
$3,588.57
$397.94
$1,105.73
10/2ͲWOG
8/3ͲWOG
12/3ͲWOG
6/3ͲWOG
10/3ͲWOG
$419.07
$278.34
$101.65
$256.62
PVC80
12Ͳ3STR
12Ͳ4STR
$177.96
10Ͳ3STR
10Ͳ4STR
12Ͳ2HCFSOLID
Price/C Price/C
GRC
10Ͳ4SOLID
10Ͳ2STR
10Ͳ3SOLID
14/2ͲWG
12/2ͲWG
10/2ͲWG
8/2ͲWG
6/2ͲWG
14/3ͲWG
6/3ͲWG
14/3ͲWOG
P
V
 P
H
O
T
O
V
O
L
T
A
IC
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E
 6
0
0
 V
O
L
T
W E I G H T S ,  M E A S U R E M E N T S  A N D  P A C K A G I N G 
AWG SIZE NO. OF STRANDS INSULATION THICKNESS NOMINAL O.D. NET WEIGHT
14 19 0.060 0.190 26.8
12 19 0.060 0.207 36.1
10 19 0.060 0.231 50.6
8 19 0.075 0.292 80.3
14 7 0.060 0.190 26.8
12 7 0.060 0.207 36.1
10 7 0.060 0.231 50.6
8 7 0.075 0.292 80.3
t Stranded copper conductors
t XLP insulation
t UL Subject 4703
t  UL 44
t  UL 854
t For use in solar power applications
t Rated 90°C for exposed or concealed wiring in wet or dry locations
t Rated for direct burial
A P P L I C A T I O N S  Suitable for use as follows:
t  Southwire PV Photovoltaic Wire is manufactured using stranded copper conductors with 
single layer XLP insulation
t  Bare or Tinned Conductors
t  -40°C to +90°C
t  Sunlight Resistant
t  RoHS Compliant
t  Direct Burial
t  Sample Print Legend: 
SOUTHWIRE E316464 (O) (UL) PV WIRE 10 AWG (5.26mm2) CU 600V 90˚C WET OR 
DRY (-40˚C) SUN RES DIRECT BURIAL VW-1 OR USE-2 600V OR RHW-2 600V — RoHS
S P E C I F I C A T I O N S
C O N S T R U C T I O N
Bare or Tinned 
Stranded Copper 
Conductors
XLP Insulation
Direct Burial
-40°C to +90°C
600 Volts
STRANDED  
COPPER 
CONDUCTORS
PV PHOTOVOLTAIC WIRE
600 VOLT
Other sizes and strand configurations are available upon request. Also available in various colors.
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